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stands alone. 


error correction technique, the ICL7134 provides 
up to 14 bits of accuracy and ultra-high stability 
over the entire operating temperature range. Plus 
the same cool low-power CMOS performance. 

Right now, we've got plenty of stock avail- 
able. So once you see how easily the ICL7115 
interfaces to your hardwired system and hooks 
up to 8- or 16-bit buses, you can spec the A/D chip 
that stands without peer. 

Matter of fact, give us a call today and we'll 
put this super A/D converter in your hands. After 
all, we designed the ICL7115 for great engineers. 
Like you. 


Call us for your free evaluation ICL7115, 
or write Intersil, Inc., Mail Stop R1-26, 10600 Ridge- 
view Court, Cupertino, CA 95014. In Europe, call 
(Q2) 673-93-79 or 660-20-14. Or write General 
Electric, International Operations, Chaussee de la 
Hulpe, 150-Bte. 5, 1170 Brussels, Belgium. 

And discover —first hand—why GE stands 
for Great Engineering. 


GE and 2B are registered trademarks of General Electric Company, U.S.A. 


Sample the future. Call 800-626-2001. 


Ext. 428. Free evaluation ICL7115s are available to the first 3000 qualified callers. 





Our ICL7115 


10001 10010100101001 1101010010001 1001 11001110001 1001011110010010 
0001 10010100101001 1101010010001 100111001 1100071 1001 1100007 110001 * 


10001 10010100101001 1101010010001 1001 11001 110001100101111001001C © 


10001 10010100101001 1101010010001 1001 11001 110007 10011 10000111000... 


Laas eS ila sR aati ocr oe alae 


| 10001 10010100101001 1101010010001 1001110011 10001100101111001001' © 


0001 10010100101001 1101010010001 1001 11001 110001 1001 1100001 110007 
110001 10010100101001 1101010010001 1001 11001110001 100101111001001 
0001 10010100101001 1101010010001 1001 110071 1100011001 1100001 110001 
BICeeemreenrenielenrenielepmmlenren le ehiele Chmie thmmre Chmmree tame ehien mm mre ale ele: 
10001 10010100101001 1101010010001 100111001 1100011001 1100001110001 
11000110010100101001 1101010010001 1001 1 1001 1100011001011110010010 


The only 14-bit monolithic A/D converter 
on the market today — that’s Intersil’s [CL7115. 

It’s the chip that will change the definition of 
signal processing. 

Data acquisition and data logging applica- 
tions are a whole new ball game with the ICL7115. 
It’s monolithic, which means lower cost and higher 
reliability than systems built with hybrids or 
modules. And its successive approximation tech- 
nique gives you 25,000 conversions per second, 
for more rapid sampling and greater digitizing 
capabilities. 

The key to the ICL7115 is our proprietary 


EPROM error correction technique. Unlike con- 


ventional techniques such as laser trimming, this 
unique EPROM correction method compensates 
for linearity and full-scale error with greater 
precision and stability, over the entire operating 
temperature range. 

Though it’s a hot new product, the ICL7115 
is a very cool performer: thanks to our advanced 
CMOS technology, the whole package dissipates 
only 10mW. 

And if your system requires equal precision 
in a D/A converter, our ICL7134 meets the chal- 
lenge. Utilizing the same proprietary EPROM 
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more 
tough mixers 






Today, ten years after its 
introduction, the SBL-1 has 

earned its reputation as tough...the 
world’s most widely accepted mixer for rugg 
industrial and military applications, judged on the basis 
of high quality, consistent performance in the field, 

and lowest in cost. 


And the winning formula is not a secret. 


Using the latest automated production and test equipment 


available, Mini-Circuits stress tests each individual compo- SBL SPECIFICATIONS (typ.) 

nent before assembly and then subjects each assembled lsolation,dB _—~PPrice 
SBL-1 to 17 grueling tests before acceptance, date coding Model Freq. (MHz) Conv.Loss LR L-l (10-49) 
and close checking for unit-to-unit repeatability. SBL-1 1-500 5.5 45° 40 $4.50 
The SBL-1 does have one drawback however. It only covers aes a zi Ne a yF ep 
1 to 500 MHz. That’s why we've expanded the product fam- SBL-1-1 0.1-400 55 35 40 $6.50 
ily with additional models to cover 25 KHz to 1000 MHz. The SBL-3 0.25-200 Bis AG. 4b $7.50 


new units are assembled with the same production and test 
expertise as the SBL-1; that’s why we can offer 0.1% AQL 
on all SBL models ... no rejects, not a single one, on every 
order shipped. So don’t compromise your design or settle 
for a poor imitation. Specify Mini-Circuits SBL Mixers. 


* If not DC coupled. 


For full specifications call or write for latest RF/IF 


Signal Processing Handbook or refer to EEM, Gold A Division of Scientific Components Corporation 
: ; World's largest manufacturer of Double Balanced Mixers 

Book, or Microwaves Directory. P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 


C104 REV. ORIG. 
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Amplifier Arsenat 


50KHz to 2000MHz, 100mWoutput Gain Controlled From $69.95 


SPECIFICATIONS 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye Model No. ZFL-500 ZFL-1000G ZFL-2000 2ZFL-1000H 
when we introduced it last year. Now we've added more Ae ee OO eS 
models to offer you a competitive edge in the continuing Gain Flatness (dB) Max. +1.0 +1.5 wes +1.0 
battle for systems improvement. SB rules es <4 aoe S54 
The ZFL-2000, flat from 10 to 2000MHZz, delivers +17 dBm NE (dB) typ. 53 120 70 50 
output andis still priced at only $179. ae dae samen * bs i a 
ntercept p m ~ + ME + 
Need more output? Our ZFL-1000H, flat from 10 to Current att6\ac 30mA 90mA 400mA 150mA 
1O000MHz, delivers +20 dBm output. Price $ 69.95 199 179 219 
Variable gain important? Our ZFL-1000G, flat from 10 to : aty. 2: ¢ vee fee fe cee e nen 
: : : orcompiete specs on these and our 1- an -VW models refer to = 
1000MHz, delivers +3 dBm output with 30 dB gain control Gdid Book or Microwaves directory 
while maintaining constant input/output impedance. *+15 dBm below 1000MHz 


Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers 10 dBm 
output for the unbelievably low price of only $69. 
One week delivery ...one year guarantee. 
Gain the competitive edge... specify Mini-Circuits ROR OHTTSUE Nt ic ORT ac ao ee 


RF/IF signal-processing components. World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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Ls eee DESIGN FEATURES 


\ 4 / , 
eos oo BD MaGe Special Report: Graphics-controller ICs 104 
| ~~ A Recently introduced graphics-controller ICs offer faster drawing rates 
and better screen-refresh capabilities than do earlier models. The ICs 
range from simple screen-refresh controllers to highly specialized 32-bit 
graphics microprocessors. 


EDN Multibus I I/O-Board Directory 120 


Pacing recent developments in computer architecture, systems based 
on the 9-year-old Multibus I spec are using subsidiary buses and intelli- 
gent I/O boards to offer improved throughput. 





S | Moke 4Basic programs solve 135 
musamoceneeenmems differential equations quickly 
On the cover: Graphics-controller ICs Differential equations that describe the performance of various 


now let you implement raster-graphics 
systems that achieve fast drawing speeds 
that previously required the use of bit-shice 


devices can be difficult to solve, but you can convert them to integral 
equations and let a small computer solve them with Basic-language 


processors. Moreover, the new controllers programs. 

make medium- and low-performance ict el ae Ot os pe MEI Oy Cok ee lL CoN es) 
Graphics systems easter and less expensive : ) ; : 

to design and build. See pg 104. Ne mec Guide : ; Part 3 143 
(Photo courtesy Texas Instruments oating-point processing—FLart 

Corporate Graphics) This final article in a 3-part series describes how to incorporate a 


floating-point processor in your system. It discusses criteria for the 
selection of the algorithms you’ ll use, and in particular it details the 
methods used to implement transcendental functions. 


Continued on page 7 


meena ener nnn 


EDN (ISSN 0012-7515) is published biweekly with one additional issue in January, February, March, April, May, June, 
August, September, October, and November, by The Cahners Magazine Division of Reed Publishing USA, 275 
Washington Street, Newton, MA 02158. William M Platt, President; Terrence M McDermott, Executive Vice Presi- 
dent. Copyright 1986 by Reed Publishing USA, a division of Reed Holdings, Inc; Norman L Cahners, Honorary Chair- 
man; Saul Goldweitz, Chairman; Ronald G Segel, President; Robert L Krakoff, Executive Vice President. Circula- 
tion records maintained at Cahners Publishing Co, 270 St Paul St, Denver, CO 80206. Second class postage paid 
at Delve re 80202 and additional mailing offices. Postmaster: Send address changes to EDN, 270 St Paul St, 
Denver, 80206. 


EDN February 6, 1986 5 


Pa ne ic 





FRIES ST EI ES NEN eS LL Siesta 





If you can't fix your board 
with the enhanced 9000 Series, 
it’s beyond repair. 


Introducing a new dimension of test 
capabilities for the Fluke 9000 Series 
Micro-System Troubleshooter line. 

Finally there’s a way to conquer some 
of the most difficult board testing prob- 
lems imaginable. Take control of the sit- 
uation with Fluke’s 9000 Series and new 
Asynchronous Signature Probe option. 
You'll be able to pinpoint virtually every 
digital hardware fault on the entire board. 

_ Even those frustrating faults in circuits 

' that operate independently of the micro- 

_ processor bus cycle. 

Begin testing boards with the 9000 
series’ built-in, preprogrammed test rou- 
tines. In a single keystroke, you can auto- 
matically check the entire microprocessor 
kernel—Bus, ROM, RAM and 1/0. 

For testing beyond the bus, Fluke’s 
new probe option eliminates the need for 
a logic analyzer or scope to test 
asynchronous circuits. One complete 
package, easily installed into either new 
or existing 9000 Series units, offers sig- 
nature analysis, waveform capture and 
event counting. These three vital trouble- 
shooting functions give any 9000 Series 
the power to diagnose: 

= DMA Controllers 

m Disk Controllers 

= Video Controllers 

m Video-Generation Circuits 

= Communication Circuits 

w Peripheral Controllers 

m Dynamic RAM timing relationships 


Not only does the 9000 Series test 
more of the board, it also supports more 
8-bit and 16-bit processors than any other 
tester on the market. 

Call Fluke toll-free 1-800-426-0361 or 
contact your local representative, and put 
your most challenging board to the 9000 
Series test. If it can’t be fixed with the 
enhanced 9000, it’s probably beyond repair. 





oe 


® 








IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846. 
© Copyright 1985 John Fluke Mfg. Co., Inc. Allrights reserved. Ad No. 1003-9000. 
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=| TECHNOLOGY UPDATE 


Design challenges attend application 45 
of monolithic voltage-comparator ICs 

Most of today’s comparators are mature, versatile products. You can 
buy them in a wide range of speeds, but unwelcome characteristics (low 
gain, high bias current, etc) are prevalent among the older models. 





Logic analyzers evolve 61 
in response to high-level languages 


Logic analyzers—in their latest incarnation as software analyzers—are 
becoming high-level-language instruments that promise to wreak 


ee ===! changes on software-engineering methods. 
Monolithic comparators offer impres- 


sive specs, but the devices’ high gain and ; 
wide oontwideh can combine to make ISSCC °86 speakers predict future V7 


their behavior temperamental (pg 45). developments in solid-state technology 
This year’s International Solid State Circuits Conference (ISSCC), 
which will take place in Anaheim, CA, will provide a forum for indus- 
try experts to speculate about technological developments that you can 
expect to see in the near future. 








PRODUCT UPDATE 


PC/AT-compatible data-acquisition board 87 
Wireless modem and portable computer 90 
18V linear/digital CMOS arrays | 92 
Motion-control subsystem 94 





DESIGN IDEAS 


Use simple circuit to program EPROMs 153 
| | Algorithm approximates sum of quadratures 154 
| Drive stepper motor without missing steps 156 
| Pulse generators offer improved performance 158 
| Calculator performs binary arithmetic 162 


Continued on page 9 
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_ Automated pulse parameter Computing and displaying _ Editing a Tek 7854 RPN pro- 
_ analysis usingaTlek4041 CC frequency domain data gram, including comments, 
_ControllerandTekTimeand —_—— (FFT), using an HP Series 200 for downloading to the 7854 or 

Technical Computer as con- archiving to disk. Performed 

Wa | née _ troller. Tek software for these with the HP 200 Series Tech- 
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f For a complete data pack on the Transputer and its 
support products, fill in the response coupon, and 

: post to INMOS Corporation PO. Box 16000 
Colorado Springs, Colorado 80935, USA. 

i For faster response, call (303) 630-4000 

Name 

Title 

Company 


Street/PO address 


City/State/Zip 
Country 


Telephone 


'_] Please send Transputer data pack 
|_| Please have a salesman call 
|_| lam interested in ordering an Evaluation Board 
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with new SURGECTOR. 





A breakthrough in surge 
protection. 

Now there is something new in 
the world of surge protection. Sur- 
gectors are unlike zeners, MOVs, 
carbon arrestors or gas discharge 
devices. 

u Surgectors respond rapidly and 
handle a lot of energy. They are ideal for protecting 
sensitive or expensive components from lightning 
strikes, load changes, switching transients, com- 
mutation spikes, electro-static discharge and line 
Crosses. 

How Surgectors work. 

Surgectors are monolithic structures integrating 
a zener diode and an SCR into one reliable, cost- 
effective device. 

At low voltages, the Surgector is “off,” repre- 
senting high forward impedance (only 50nA leak- 
age current). The instant clamping voltage is 
exceeded, Surgector turns “on. The zener starts 
to conduct immediately. Current flows from the 
zener region into the thyristor gate and within nano- 
seconds the SCR turns onto handle heavy cur- 
rents. Destructive surges are shunted to ground. 
Once the voltage surge passes, the Surgector 
makes a fast transition back to the “off” state. 

Five Surgector choices. 

Our opening Surgector line-up is three 
2-terminal devices (30V, 60V and 230V), one bi- 
directional (230V) and one 3-terminal (100V). 

The 3-terminal Surgector gives you access to 
the SCR gate lead, allowing the device to be trig- 
gered with your voltage level detector. 





Price (1K) 


Type Rating 


SGT03U13 = 2-terminal 
SGT06U13 = 2-terminal 
SGT23U13.—-2-terminal 
SGT23B13 _ bi-directional 
SGT10S10 = 3-terminal 





Surgector vs. zener and MOV. 

Surgectors are as fast as zener diodes (<1ns 
response time) yet can handle ten times as 
much energy. At breakdown voltage, Surgectors 
are two orders of magnitude lower in impedance 
than zeners (0.1 ohmvs. 10 ohms). 

Compared with MOVs, Surgectors have a 
much better clamping ratio. An MOV with operat- 
ing voltage of 100V may 

Typical Surgector 


allow a S00V SUrGge voltage-current characteristics. 
before it offers any A | | 


On-state 
voltage 


protection. A 100V 
Surgector turns “on” 

with only a 110V surge. 
Surgectors are ten 

times faster, dissipate 
much less power and mA 
have longer lives than 
MOVs. V 

Surgectors are much faster than gas discharge 
tubes or carbon arrestors, but can carry less surge 
current. The tran- 
sient peak current 
capability of the 
Surgector is 300A 
for 1s x 2us pulse 
and 75A for a 10us x 
1000s pulse. Like 
other surge protec- 
tors, Surgectors will 

= eventually fail if 
pushed beyond specifications. But Surgectors 
normally fail shorted, rather than open. And even 
shorted Surgectors protect expensive components. 
Only beyond triple the rated surge current will the 
Surgector blow open. 

For more information on Surgectors, call our 
Power Application Hotline (800-RCA-APPL), your 
RCA sales office or distributor, or write: RCA Solid 
State, Box 2900, Somerville, NJ 08876. 


—  — 


— 
— 
— 


Zener voltage 





Typical protection for 
expensive components. 


l. 


Surgector 


Call: Hamburg, 49- 4106-6130; London, 44-93-2785511; Paris, 33-3-946-5656:; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033. 


Your Mega-force in Power. 





























































roblems you don’t expect. 
Before you spend another 
ght trying to debug your 
call Applied Microsystems. 
x you're working with an 
dit, 16-bit or even a 32-bit micro- 
ocessor. Intel, Motorola or Zilog. 
rocessor or several. No bug 
ied too deep for Applied 
systems emulators. 


&-bit LEM has been cited 
g engineering maga- 
est 8-bit in-circuit 
t market. Its a big 
engineers because 
n it 99.8% of the 


ppli d Microsystems ais . 


inclined new high performance 
cross-assemblers. 

Best of all, in addition to more 
capabilities, we've even held our 
low price. 


Our 16-bit emulator keeps 
state-of-the-art system debug 
from turning into a state 
of siege. 

It takes a powerful emulator, 


not promises, to get a bug-free _ 


product to market quickly. Applied 
Microsystems’ 16-bit ES emulator 
runs identically to the processor in 
your target system. At the full- 
rated clock speed. 

Our unique Event Monitor 
System lets you precisely control 
and monitor emulation flow with 
a combination of address, data, 


status, pass counter, and logic 


state events. You can quickly sort | 


_ through thousands of bytes of 


code to find the small sections 


where bugs are embedded. Once 
_ discovered, use our resident sym- 
; bolic debug to quickly patch in 
‘7  newcodeand test it in real time: 


Dig out bugs from the source 


alidate™ our new family of 
ed development environ- 
yffers you the combined 
ntegrated hardware and 
tools. Centered around a 
ce-level debugger, Vali- 
with “C’” and Pascal on 
| VMS systems. 


_ Seventy-two hours ago 
Qu u didn't know you needed an emulator. 


New! Real-time emulation for 
the 32-bit 68020. 

Working with the 68020? 
Applied Microsystems has a new 
32-bit emulator for our ES series. 
All the powerful debug features 
you expect from the ES. And its 
available now. 

PROCESSORS SUPPORTED 

BY APPLIED MICROSYSTEMS 

8-BIT: 8080, 8048 family, 8085, 8088, 
80188, 280, NSC-800, 6800 family, 6809, 
6809E, 68008, V20 


16-BIT: 68000, 68010, 8036, 80186, 
Z800X, V30 


32-BIT: 68020 


Ask us for the facts. You'll like | 


what you hear. 


~ Call toll-free for the technical 
and applications information that 


~ supports our promises: 1-800- 


426-3925. In Washington, call. 

(206) 882-2000. Or write Applied — 
Microsystems, P.O. Box 97002, 
Redmond, WA 98073-9702. 


In Europe: Brooke House, Market Square, 


~ Aylesbury, Buckinghamshire, HP20 ISN, wesc 


Tel: 44 ve 34822. 


‘i 


Applied 
Microsystems. 
Corporation 
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— 15 times less ose thar conand. 
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_ TELEDYNE SEMICONDUCTOR 


1300 Terra Bella Avenue e@ P.0. Box 7267 © Mountain View, CA 94039-7267 @ (415) 968-9241 
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and | S1BK-bit versions cost 84. 50, $7.6 81, and $15.2 28 (8000) —David smith 


: cmos FLASH Al D CONVERTERS OPERATE WITH ONE 3 TO 8V SUPPLY 
- Three cMOs flash A/ D converters from Hybrid Systems (Billerica, MA, (617) 


667- 8700) require only one 3 to 8V supply for operation. The monolithic devices come 
an. commercial or MIL-STD-883 versions and feature sampling rates from 5 to 30 MHz. 


_and power consumption no higher than 300 mW. The 6-bit HS9582 parallel flash con- 








. verter is spec’d for 15-, 25. or 30- MHz sampling rates; corresponding power consump- 

tion ranges from 50 to 200 mW. Linearity error is +% LSB at 15 MHz witha 5 or 8V 
pply. An overflow bit allows higher resolution by aaa two a in eer 
hg rect HS9582 costs ee 40 to $89 uae | 











forest ie remaining five LSBs ina second pass. Offering 5 5- or 10- MHz pepe. 
rates and 75-mW power consumption, it features +4- LSB linearity at 5 MHz with a 5 _ 
or 8V power supply. Housed in a 24- -pin DIP, the devices costs $44.30 to $161 (100). The 

full-flash. 8-bit HS9584 comes in a 28- -pin DIP and contains 255 clocked comparators. 





‘Offering 10- and 20- MHz sampling rates, this converter specs a 60-psec aperture un-— . 









certainty, which allows conversion of full-amplitude signals with frequencies & as s high 
= as the eau limit. It costs $46. 60 to $275 (100). —Tarlton Fleming — | 


68020/80286 DEVELOPMENT TOOLS INCLUDE COPROCESSOR EMULATION - 
‘The Tektronix (Beaverton, OR) Multiv Systems package provides design teams with 


— software development tools and hardware/software integration tools for Motorola __ 
sete and Intel 80286 BulpropEye ea For software eg peenues Tektronix provides 








mneoupled | to ° provide two 0 separate e development sey eee for two 0 users. The 





If your system is only using this many colors, 
isnt jt time to grow up! 


The INMOS IMSG170 Color Look-up board space and power consumption at 
Table offers a grown-up solution to video a lower cost. 
display color enhancements. It lets you The Color Look-up Table from 


INMOS. Designing with thousands of 


and your RGB analog display advance 
; colors just became child’s play. 


‘to a palette of more than a quarter f 
million colors. h 
This programmable DAC conforms 4 
to RS170A standards with pixel rates ¥ 
up to 50 MHz, in a 28 pin package. 
And to simplify things, the table 
integrates the functions of a 256 word 
x 18 bit color mapping table, three 6- 
bit DACs, 75 ohm drivers and micro- 
processor interface into a monolithic 
CMOS device. The result? Reduced 








INMOS Corporation, Colorado 
Springs, Colorado, Tel. (803) 630-4000 
Bristol, England, Tel. 0272-290-861 

Paris, France, Tel. (1) 687-2201 
Munich, Germany, Tel. (089) 319-1028 





Crayola is a registered trademark of Binney & Smith, Inc. Used with permission. INMOS, eS and IMS are trademarks of the INMOS Group of Companies. 
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Nicolet’s 800D Logic Analyzer 


Because Some'lools 








ities of Nicolet’s NPC800D 
Logic Analysis System help 
you quickly isolate and dis- 
patch them. 

This precision instrument 
combines a comprehensive 
set of digital tools integrated 
into one portable, highly 
affordable measurement 


No matter where problems 
are lurking in your digital 

system, the development and 
Jebug measurement capabil- 


= 
VA 


timing skews at 200 MHz. 
Find three nanosecond 
glitches. Trace software 
execution in discontinuous 
segments. Optimize system- 
level software performance. 
Examine transient analog 
signal problems. Follow 
communications through 
RS-232, GPIB, Bisync, and 
HDLC protocols. Use inte- 
grated signature analysis, 
counter and timer functions. 
Control other instruments 
via GPIB. Troubleshoot 
remotely via RS-232. Run 
standard CPM applications 
programs. Write special- 


purpose testing programs for 


automatic operation with 


Are Indispensable! 


and reliability based on ten 
years experience and innova- 
tion in creating logic analyz- 
ers. Our “firsts” include 
sixteen-level triggering, inte- 
grated analog waveform 
analysis, state and timing 
“cross-domain” measure- 
ment, built-in mass storage, 
general computational capa- 
bilities and full GPIB con- 
troller functions. 

To find out the details, 
arrange a demonstration, or 


just to tell us about your 


problem, call 800 NICOLET. 
In California, 415 490-8300. 
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popular CBASIC. Nicolet 


system. Examine small Count on Nicolet’s quality Digital Systems Division 





Model PLP 


For complete specs, 
refer to 1985-86 Gold Book 
or Microwaves Directory 


Model PHP 


REPEPPRAOA ERROR DAFA 


F82-1 REV. ORIG. 
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- from dc to 3GHZ 


- less than 1dB insertion loss over entire passband 
- greater than 40dB stopband rejection 
ons(s1e11(0)ale10.6|s 8 Oo me lelta\.onf@)| Ee) 
- VSWR less than 1.7 (typ) 
- rugged hermetically sealed package 
(0.4x0.8x0.4 in.) 
-meets MILSTD-202 
- over 100 models 
BNC, TyoeN, SMA available 
mlanianlexeleitsnelsiiclay "Sain ghar settings 


EO YW aisle) sme) motel -10) an arom Ofelanl oelal-s0)e-m Orelaelele-lelela 


World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 






LOW PASS Model PLP 


Pass Band, MHz (DC- ) 190} 270 780-900 
20dB Stop Band start from 290: 410 1100 | 1340 


HIGH PASS Model PHP -200 | -300 -800 | -900 |-1000 
start 185; 290 780} 910}; 1000 
Passband, MHZ stop 800 | 1200 2000 | 2100 | 2200 


20dB Stop Band, 


(MHz) from DC to 116 | 190 570! 660! 720. 
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SIEMENS 





The SAB 8051 family offers microcontrollers for every — 
application. It's constantly being expanded so that 

growing functional needs can be implemented with 
a single device. 


Ongoing SAB 8051 development by Siemens 
gives you 

@ more peripheral power on one chip 

@ more memory capacity (RAM/ROM) 

@ faster processing speed 

@ greater substitution value 

@ full upward compatibility with SAB 8051A 


Choose the right microcontroller from the 
SAB 8051 family for your innovative products. 


SAB 8051A | . 
Additionally available with extended temperature 
range for industrial applications: —40 to + 85°C 
for automotive applications: 4010 +1107 


SAB 8051A-15 

High-speed version of SAB 8051A with 15 MHz 
Clock frequency. Particularly suitable for applicatio 
with critical ies : 


SAB8052A_ 

An SAB 8051A with dual RAM, 
ROM plus an extra timer. 
Extended temperature ranges. 























The new single line 
You'll appreciate the design freedor 
g we've added to our line—with mass 


terminating AMPMODU MTE con- 
nectors. Receptacles stack side-by-si 


or end-to-end, to take 22-30 AWG w: 
aC = anywhere on the board with comple 
@® modularity. 


Pre-loaded 

assemblies simplify 43 
mass termination. - 
Interlocking carrier 
strips accurately 

locate insulation- 
displacement 

contacts in tooling. 





onnector. 


MTE connectors are backed by a Call (717) 780-4400 to find out 
full range of application tooling, from more. Ask for the AMPMODU MTE 
hand and semi-automatic to fully auto- | Connector Desk. AMP Incorporated, 
matic, to meet any levelof production Harrisburg, PA 17105-3608. 


you need. AMP and AMPMODU are trademarks of AMP Incorporated. 


AAINIF interconnecting ideas 


You can also choose polarized or 
ching receptacles, or special ribbed 
ceptacles that gang into single- and 
uble-row coupling shrouds. Pin 
ntact types and shrouded headers 
und out the wire-to-wire and wire- 
-board picture. 


Vertical and right- 
angle headers, 
receptacles, and 
shrouded housings 
provide modular § 
approach. 


Do it all in two 

contact sizes— 

22-26 AWG and 26-30 AWG. 
Dual-beam contacts 

are overstress- 

protected, and feature 

post stops for use 

on long posts. 
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in connectors chomp down ~ 
e tiniest PC boards with — 
50-mil spaced gold teeth. No gaps! 


Full line of IC sockets and PC board, circular and rectangular connectors. 
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AMERICAS BEST 
PROGRAMMERS 





Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
14,000 27256s programmed per day. 


32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


16 Intel or Motorola MCUs at a time. 
64K to 256K bytes of DATA RAM. 
Simple one key programming operation. 


Two RS-232 ports with data transfer formats 
included. 


2-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs up to 32 memory cards with 
EPROMs or microcomputers at a time. 


Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 


Turnkey systems include programmer, ter- 
minal, custom interface hardware and soft- 
ware. 


Simple menu driven operation. 


Z-1000B UNIVERSAL 
PROGRAMMER 


Over 600 PLDs, EPROMs, EEPROMs, bi- 
polar PROMs and INTEL MCUs. 


Upgradeable PROM based software. 
Stand alone or PC/XT/AT operation. 
Two independent RS-232 ports. 

64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 
@ 2716-27512, 1 to 4 DATA BLOCKS. 
e 64K to 256K bytes of DATA RAM. 
e Software personality. No plug-ins. 





ZAP SERIES low cost programmers for 
EPROMs and single-chip MCUs. 


Z-400 for bipolar PROMs and EPROMs. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 
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SIGNALS & NOISE 





Phantom-component 
companies commit fraud 


Dear Editor: 
Oh boy. “The Phantom Component: 
A science fiction story” (EDN, No- 
vember 14, 1985, pg 67) has nothing 
to do with components. The subject 
is honesty, cheating, and fraud. Ap- 
propriate questions to ask readers 
would be: 
I buy components from a cheating, 
lying, misrepresenting company. 

Circle No 521 
I am a sucker for a tantalizing sales 
pitch. 

Circle No 522 
I look for honesty in the companies I 
deal with. 

Circle No 523 
Sincerely yours, 
Gus Ositis 
Ositis Electronics 
Orinda, CA 


Engineers need early 
product information 


Dear Editor: 

I read your November 14, 1985, 
editorial on phantom components 
(EDN, pg 67) with great interest. 
Phantom components are a real 
problem. However, limiting infor- 
mation on a new product until a 
certain number of days before it’s 
available is not the solution. Be- 
cause of the rapid rate of technologi- 
cal advancement, engineers need as 
much information as they can get, 
as early as they can get it, on new 
products. 

Engineers do need to know the 
new products’ status, however. 
Your editorial staff can play a major 
role in both determining the signifi- 
cant items that should get readers’ 
attention and providing candid and 
realistic assessments of companies’ 
claims regarding product avail- 
ability. 

Sincerely yours, 

Fan-Chia Tao 

Senior Engineer 

Kurzweil Computer Products 
Cambridge, MA 


HP 3852S features 

1-wV sensitivity 

Dear Editor: 

Thank you for reporting on our new 
HP 3852S data-acquisition system 
in EDN’s October 31, 1985, issue (pg 
306). We’re glad you found the prod- 
uct’s features of interest to your 
readers. 

A small typo did appear in the 
writeup, however. We at HP’s 
Loveland Instrument Div are the 
keepers of the microvolt, and when 
you stated twice that our 5'%4-digit 
digital multimeter has 1-mV sensi- 
tivity instead of 1-yV sensitivity, 
you certainly raised the sensitivity 
level around here. 

Sincerely yours, 

William S Porter 
MARCOM Manager 
Loveland Instrument Div 
Hewlett-Packard Co 
Loveland, CO 





Corrections 


In EDN’s 1985 pP/pC Chip Directo- 
ry (EDN, November 28, 1985, pg 
106), the entry for Fairchild’s Clip- 
per included the address and phone 
number for the manufacturer’s Mi- 
crocontroller Div instead of the Ad- 
vanced Processor Div, which is re- 
sponsible for the Clipper. For 
information on the Clipper, please 
contact: 

Fairchild Advanced Processor Div 
Fairchild Semiconductor Corp 

4001 Miranda Ave 

Palo Alto, CA 94304 

Phone (415) 858-4861. 

One other item of note regarding 
the Clipper: EDN stated that the 
cost “should be at least $100 per 
basic 3-chip set.” The official price is 
$2451.80. : 

The phone number listed for 
Metacomp Inc in the November 28, 
1985, Product Update on the compa- 
ny’s MPA-1000 Multibus Computer 
(EDN, pg 98) is incorrect. The cor- 
rect number is (619) 578-9840. 
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482-4151 R1 


You can get Sprague Type 592C Monolythic® Multilayer Ceramic Capacitors in a hurry. 
These conformally-coated units offer you a lot of advantages. They’re widely-used 


for bypass and decoupling applications in computers, and 
SUPPLIES [; are an excellent replacement for the more expensive 
molded designs. Stocked 
MONOLITHIC CERAMICS. 222s" 
e in both large and small 


quantities from Sprague distributors. Popular ratings are available in five formulations including Z5U, YSU, XR, XR, and 
COG. Supplied in EIA Standard RS-296 and tape-and-reel packaging for automatic insertion. They're competitively priced. 
Write for Engineering Bulletin 6248A to Technical Literature Service, Sprague Electric Company, 

41 Hampden Road, P.O. Box 9102, Mansfield, MA 02048-9102. 
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In TRODUCING 5-STAR SERVICE 








ted. 


1cOnix incorpora 


* 


©1985 Siliconix incorporated. 5-Star Service is a trademark of Sil 














ITS BASIC TO ASIC. 


psy 


* Free design manuals, cell manuals, and 
software libraries for Daisy, Mentor, 
and FutureNet workstations. 

* 100 first pre-production pieces free. 

* Guaranteed prototype delivery dates. 

* Guaranteed NRE and no additional 
CPU charges. 

* Guaranteed production prices for 
two years. 

Announcing the Siliconix 5-Star 
Service™ Program. Anything else is just 
basic ASIC. 

5-Star Service means the end of 
excessive up-front charges for gate 
array designs. So you can buy gate 
arrays as easily as if they were 
completely standard products. 

Compare us with your current 
supplier on your next job. 

Call (408) 970-4107. 

We'll send you a complete fact 
sheet, free. You'll find that we not only 
give you better control over the design 
process, but we also save you a lot 
of money. 

In fact, the only money we can't 
save you is the money you've already 


spent with our (=+ 2 = 
liconix 


competitors. 
incorporated 





Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, CA 95054, (408) 970-4107 TWX 910-338-0227. 
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SMART FORCE™ INVERTERS FOR 
ELECTROLUMINESCENT LAMPS.. 
NOW, SMARTER THAN EVER 





ensure lon 












Call vc or complete product information nd pricing: oo 


, Endicott Research Group. Inc. 
‘s xe 






2601 Wayne Street, P.O. Box 269, Endicott, Ny 13760 
(607) 754-9187 TWX: 510-252-0155 
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Bishop Graphics introduces its unique, new, low-cost 
CAD/CAM System for printed circuit board design, 
layout and manufacturing applications... QUIK 
CIRCUIT*" You can master Bishop's Quik Circuit 
the very first day, and design printed circuit boards 
up to 30” x30” with a full range of standard or 
custom pad sizes and shapes; circuit traces of 
virtually any width; squares, holes, feed throughs, 
etc. for single, double or multilayer boards. 





And, you can get finished boards directly 
from your design data. Find out how. Call 
toll-free (800) 222-5808 for the name of your 
nearest Bishop CAD dealer, (818) 991-2600 in 
Alaska, Hawaii and California. 
Bishop Graphics, Inc. 
5388 Sterling Center Drive 
Westlake Village, CA 91359 U.S.A. 
Telex: 66-2400 Bishop WKVG 


Dealer 
Inquiries 
Invited 
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CALENDAR 


iRMX 86 for Users (short course), 
Madison, WI. Donna Miller, Micro- 
Managers Inc, 1485 E Main St, 
Madison, WI 538703. (608) 251-6661. 
February 10 to 14. 





Grounding and Shielding (short 
course), San Antonio, TX. Penny 
Caran, Interference Control Tech- 
nologies, State Rte 625, Box D, 
Gainesville, VA 22065. (703) 347- 
0030. February 18 to 21. 


IEEE Annual Meeting, San Jose, 
CA. IEEE, 10th FI, 345 E 47th St, 
New York, NY 10017. (212) 705- 
7647. February 18 to 19. 


IEEE ISSCC ’86 (International Sol- 
id-State Circuits Conference), Ana- 
heim, CA. Lewis Winner, 301 Alme- 
ria Ave, Coral Gables, FL 33134. 
(305) 446-8198. February 19 to 21. 


AutoCADCon 86, Rosemont, IL. 
CAD Design Systems Inc, 1805 
Remington Rd, Suite D, Schaum- 
burg, IL 60195. (312) 882-0114. Feb- 
ruary 20 to 21. 


C Programming Workshop, Belle- 
vue, WA. Specialized Systems Con- 
sultants Inc, Box 55549, Seattle, 
WA 98155. (206) 367-8649. February 
24 to 28. 


Nepcon West ’86, Anaheim, CA. 
Banner and Greif, 110 E 42nd St, 
New York, NY 10017. (212) 687- 
7730. February 25 to 27. 


Compcon Spring, San Francisco, 
CA. IEEE Computer Society, 1730 
Massachusetts Ave NW, Washing- 
ton, DC 20086. (203) 371-0101. 
March 8 to 6. 


First International Conference on 
CD ROM, Seattle, WA. Microsoft 
Corp, Box 97200, Bellevue, WA 
98009. (206) 828-8080. March 3 to 6. 


Dexpo Europe 86 (DEC-Compati- 
ble Exhibition and Conference), 
London, UK. Expoconsul Interna- 
tional Inc, 8 Independence Way, 
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Analog Devices packs 
unmatched functional 
density into a line of 
CMOS DIA converters. 


Starting today forget about allotting 
board space to single DACs. Our line 
of multiple DACs is packaged in nar- 
row 0.3” DIPs. 

So, you save board space as well 
as component count and dollars. 
Furthermore, since the overhead 
logic and latches are shared by i : ee NEW 
two to four DACs, you save on as go eli iws c 
power dissipation. And you = Output Current 
know what that means for Package 20-pin, 0.3” narrow DIP 
reliability. 

Analog Devices gives you 
the broadest line of space- 
saving multiple DACs inthe 
industry. Everything from duals 
to quads and back again. 
There’s a logical reason for this. 
Our advanced linear CMOS 
technology enables us to 
offer outstanding func- 
tional density and the 
reliability you get only in 
these high performance 
multiple DACs. 

For more information on 
our multiple DAC family call 
your local Analog Devices Sales * 
Office for specification sheets on the - 
four DACs included here. 

Then you can forget about ever being 
desperate for board space again. 


ANALOG 
DEVICES 








tec Model AD7225 

Description Quad 8-bit CMOS DAC with Output 
Amplifiers, Separate Reference Inputs for multiplying 
applications. Double Buffered Latch Structure for 
Simultaneous Update 

Output Voltage 

Package 24-pin, 0.3” narrow DIP 





iathmae Model AD7528 


Description Dual 8-bit Monolithic Multiplying DAC 
Output Current 
Package 20-pin, 0.3” narrow DIP 






mikeaml Model AD7226 


Description Quad 8-bit CMOS DAC with Output 
Amplifiers, common reference input for all four DACs 
Output Voltage 

Package 20-pin, 0.3” narrow DIP 


When youns desperate 
for board space, 
try our multiple DACs. 


Analog Devices, Inc., Two Technology Way, Norwood, MA 02062-0280; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 947-0633; Colorado: (303) 590-8906; 
Illinois: (312) 653-5000; Maryland: (301) 992-1994; New York: (716) 425-4101, (315) 437-5277; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094, (713) 664-6704; 
Washington: (206) 251-9550; Belgium: (3) 237 48 03; Denmark: (2) 845800; France: (1) 687-34-11; Holland: (1620) 81500; Israel: (052) 28995; Italy: (2) 6883831, (2) 6883832, (2) 6883833; 

Japan: (3) 263-6826; Sweden: (8) 282740; Switzerland: (22) 31 57 60; United Kingdom: (01) 9410466; West Germany: (89) 570050 
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NEW precision instrument for voltage 
measurement of high voltage D-C 
power supplies 
that also measures 
A-C ripple component 





Model 
RD 200 





e Three models rated at 50, 100, 
200 KVDC max 


Measurements accurate to 
0.25% of full scale 


e Guarded and equipotentially 
shielded for minimum leakage 


Temperature coefficient: less 
than 100 ppm/degree C 


Voltage coefficient: less than 1 
ppm/volt 


The Glassman RD Series 


GLASSMAN HIGH VOLTAGE INC. oS 


Route #22 (East), Salem Park, P.O. Box 551, Whitehouse Station, N.J. 08889 
(201) 534-9007 * TWX 710-480-2839 
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SE Sa Pro vides Software 
Engineering Metrics Plus 
Complete Source Listing 


Title ee 
~ 
Listing of SAMPLE.C Wed 24-Apr-85 - 5:05:37pm Pag 
e tion 1.6: Arrays 


1 
; « K&R page 20, Sec 
Ss urce File __ /*STITLE(KER page 20, Section 1.6: Arrays) 
Line (Numbers 0 





este) /* count digits, white space, other 


int c, 1, nwhite, nother; 
Instantaneous F& int ndigit[10]; 
Variable Depth: ~ 
Helps To Highlight 
Areas Of Complexity 


e 
Date ae © 


S gurce File 
| Name 


OND BD PUNT I 


of Variable Namess & of SAMPLE.C 


phaseee 2 
CROSS REFERENCE LISTING: 


Alphabetical Listing 
Average) Variable 


Span 
a e ndigit 6) 010 0014 00Zz : 
nother ) 8 0018 0024 gesacat “ 
Line TONG nwhite (8) 000 8 0016 00z4 = 
rin (208 ¢ 6022 3 
Count of Control Cc 


Statements and. 5 ique Operands i 2 So Sali ae 
MOO, iPS dteeal Oberende: a5 2 gaat PERRY BE WS 


Clist™ Is A Helpful Tool For Achieving High Productivity 
and Quality When Debugging & Maintaining C Programs 


PROGRAMMING ; | 
-_ @(e)\ (el 1-3 9 2150 Smithtown Ave., Ronkonkoma, New York 11779-7327 
INC. (516) 467-5200 
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CALENDAR 


Princeton, NJ 08540. (609) 987- 
9400. March 4 to 6. 





Power UK ’86, London, UK. TCM 
Expositions Ltd, Exchange House, 
33 Station Rd, Liphook, Hampshire, 
GU30 TDN, UK. (0428) 724660. 
March 4 to 6. 


Design/Drafting with Surface 
Mount Devices (short course), Mil- 
waukee, WI. Peter Tocups, Univer- 
sity of Wisconsin-Milwaukee, 929 N 
6th St, Milwaukee, WI 58208. (414) 
224-3952. March 5 to 7. 


7th Annual Computer Graphics 
Conference, Hollywood, FL. Frost 
& Sullivan, 106 Fulton St, New 
York, NY 10088. (212) 283-1080. 
March 5 to 7. 


CAD/CAM/CAE Winter Work- 
shops, San Diego, CA. Jack Sand- 
ers, CAD Report, 841 Turquoise St, 
Suite D, San Francisco, CA 92109. 
(619) 488-0538. March 6 to 7. 


CIMTECH ’86, Boston, MA. Socie- 
ty of Manufacturing Engineers, Box 
930, Dearborn, MI 48121. (318) 271- 
1500. March 10 to 18. 


Integrated Services Digital Net- 
works Exposition, Dallas, TX. In- 
formation Gatekeepers Inc, 214 
Harvard Ave, Boston, MA 02134. 
(617) 282-8111. March 10 to 14. 


Structured 8086/186 Assembler 
(short course), Madison, WI. Donna 
Miller, Micro-Managers Inc, 1435 E 
Main St, Madison, WI 538708. (608) 
251-6661. March 10 to 14. 


Automated Design and Engineer- 
ing for Electronics (ADEE) West, 
Moscone Convention Center, San 
Francisco, CA. Banner and Greif 
Ltd, 110 E 42nd St, New York, NY 
10017. (212) 687-7730. March 11 to 
18. 


Southcon, Orlando, FL. Electronic 
Conventions Management, 8110 
Airport Blvd, Los Angeles, CA 
90045. (218) 772-2965. March 11 to 
18. 
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At CTD, we offer total 


system integration with our 
TM6000 Silicon Gate CMOS 
Analog/Digital Semi-Custom 
Array, plus CMOS Digital Gate 
Array and Thick Film Hybrids. 
Our Macrocells Library, 


available on Daisy CAE 


workstation and in hardware 
kit parts, include D/A, A/D 
converters, VCO, switched 
capacitor filters, and many 
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more. Call or write today to 
order our comprehensive 
TM6000 Design Manual at 


USS70. 


CHARTERED-TELMOS 
DESIGN PTE.LTD. 

249 Jalan Boon Lay, Singapore 2261 
Tel: (65)-265-1066, TIx RS 21419 
FAX: (65)-261-0766 


a member of Singapore Technology Corporation 


Representatives/Distributors: 
Hong Kong: Karin Electronic Supplies Co. Ltd. 


Tel. No: 3-898252. e Taiwan: General Industries 
(Taiwan) Inc., Tel. No: 02-764-51 26. 
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Means 
_ Business 








When you advertise in a business magazine you want to make 
sure the magazine is read by the people who receive it. Readership 
is really what you are after when you advertise. Cahners magazines 
are very well read. Every year we publish over 33,000 pages of news, 
articles, and features in our 33 magazines. Virtually every editorial 
page of every issue of a Cahners magazine is analyzed and tested to 
ascertain its interest to the readers. Much of this testing is done by 
the Cahners 270 editors who maintain contact with their readers 
through focus groups, reader panels, and mail and telephone surveys. 
Also, Cahners Research conducts over 300 in-depth studies of 
readership. We put all of this research to work to give our readers 
more valuable, more readable magazines; and to give our advertisers 
a better showcase for their products and services. When it comes 
to readership, Cahners Means Business. That’s why we’re the first 
choice of American business in specialized business magazines. 


Cahners Publishing 


33 Specialized Business Magazines for Building & Construction, 
Electronics & Computers, Foodservice, Manufacturing, and Health Care. 
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Of course Ziatech gives you the highest per § And you even get Ziatech’s engineering staff on- 
formance in STD Bus hardware: STD-8088. call to help you with implementation. What's 
But we further extend the power of the compact — more, every Ziatech board is backed by a com- 
STD Bus by offering the most complete support prehensive two-year warranty. 

in the industry. Sophisticated development 

software. Explicit documentation. Detailed Fora free sample of Ziatech support just send in 
application notes. the coupon. 
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Free System Designer’s Guide 


I want to find out how the Ziatech Series 8800 can be my high power, low cost 
system design solution. Please send me my free STD-8088 Designer's Guide 
and Application Note immediately. : 


NAME 
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STD DOS™ is a trademark of Ziatech Corporation 
polyFORTH is a trademark of FORTH, Inc. 


3433 Roberto Court 


= | | | 2a ATEeECIHI4 San Luis Obispo, California 93401 USA 
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EDITORIAL 


Cooperation—at last 


Will wonders never cease! The hardware folks and the software 
folks are actually talking to each other! And they’re not even calling 
each other names! For once, they’re cooperating in a way that will 
benefit all of us. 

Their cooperation has resulted in the Computer Graphics Inter- 
face (CGI), an interface between hardware and software in graphics 
systems. CGI is great for software designers, because it defines a 
rich set of standard, high-level, hardware-independent graphics 
instructions. It’s great for hardware designers, too, because semi- 
conductor manufacturers such as Texas Instruments and Motorola 
are now implementing it in silicon in their latest graphics-processor 
ICs. Some of the new chips’ instruction sets are actually CGI 
instructions in off-chip ROM, and they speed up graphics processing 
enormously. As Southwestern Editor Steve Leibson reports in our 
cover story (pg 104), graphics systems implemented with the new 
chips can perform at speeds previously reached only with bit-slice 
processors. 

Semiconductor companies, recognizing that their expertise lies in 
implementing designs in silicon, have been turning to outside 
experts for help in specifying those designs. For CGI, semiconduc- 
tor giants TI and Motorola turned to the relatively small Graphics 
Software Systems (Beaverton, OR) and Nova Graphics Internation- 
al (Austin, TX), which specialize in CGI and other graphics soft- 
ware. These software companies helped the IC manufacturers 
define products that deliver high performance and yet avoid unnec- 
essary difficulty in software development. By providing, in silicon, 
features desired by software developers, these products obviate the 
need for special software that converts high-level instructions into 
low-level command strings. 

The high degree of cooperation between hardware and software 
specialists in developing CGI is commendable, but the benefits of 
such cooperation needn’t be limited to graphics ICs. All digital 
designs can benefit from such cooperation, and it’s high time that 
regular consultation between hardware and software designers be a 
part of all projects. Otherwise, we're apt to develop products that 
do wonderfully what they’re designed to do, but don’t do what 


anyone wants them to do. 


Gary Legg 
Editor 
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How to prevent failures 
in communication. 


Check your datacomm designs with an HP 
protocol analyzer. And you can catch problems 
before they become a problem. 

The HP family of protocol analyzers makes 
testing so quick, so simple, so complete and so 
accurate, you can get better products to market 
in a fraction of the time. 

Obviously, the most crucial part of your R&D 
is developing your products to standards. So we 
offer a full range of high-level decode/simulation 
software packages, including SNA, X.25 certifi- 
cation, DDCMP, BSC, X.21, and CCITT #7. 

And no matter which of our analyzers you 
choose, they operate from standard interfaces. 
They'll also communicate with each other and 
transfer test programs as well as remotely 
collected data. 
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On an individual level, the HP 4951B offers 
you the best performance for the money on data 
rates up to 19.2 kbps. The HP 4953A takes 
you to 72 kbps for full simulation, and 256 kbps 
for monitoring. And the HP 4955A adds a 
built-in BASIC interpreter for development of 
proprietary protocols. 

Their remote capabilities let you extend your 
R&D outside the lab to your customer’s site 
when field service engineers need design back-up 
during troubleshooting. 

So if you want to design better, faster write to: 
Hewlett-Packard, Attn. Marketing Communica- 
tions, P.O. Box 7050, Colorado Springs, CO 
80933. Or contact your local HP office and ask 
for a field engineer. 

We'll help you communicate better in the future. 


G¢, HEWLETT 


PACKARD 


3801401 
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Design challenges attend application 
of monolithic voltage-comparator ICs 


Tarlton Fleming, 
Associate Editor 


Most of today’s comparators are ma- 
ture, versatile products. You can 
buy them in a wide range of speeds, 
but unwelcome characteristics (low 
gain, high bias current, etc) are 
prevalent among the older models. 
The performance of newer devices 
is impressive, but their behavior 
remains temperamental, and de- 
signing with voltage comparators is 
still a difficult task. The comparator 
function demands high gain and 
wide bandwidth—properties not 
easily combined on one IC—and the 
manufacturer’s option to trade one 
for the other is restricted, because 
the typical application requires 
both. 

One consequence of this inherent 
design problem is the limited varie- 
ty of comparator types available 
(compared, for example, with the 
wide variety of op amps). There- 
fore, the best comparator you can 
choose for a given application is 
likely to be a rough fit, forcing you 
to design around the comparator’s 
limitations. Depending on the part, 
these limitations can include high 
input bias currents, low gain, nar- 
row common-mode range, nonstan- 
dard supply-voltage requirements, 
and a tendency to oscillate. 

You surmount most of these com- 
parator shortcomings at the cost of 
increased circuit complexity, and 
your specific added design tasks de- 
pend on the type of comparator you 
initially choose. Comparators fall 
into three rough categories deter- 
mined by speed (assuming you set 
aside a few maverick devices for 
separate discussion). 

At the top end are devices that 
are based on bipolar ECL and fea- 
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Furnishing a 10-nsec propagation delay, the LT1016 bipolar precision comparator from 





ee 


Linear Technology Corp has latched complementary outputs and offers stability in its linear 


region of operation. 


ture propagation delays as short as 
2 nsec. With one exception, these 
comparators come with standard 
pinouts. Next are the middle-per- 
formance comparators, few in num- 
ber, that attempt to provide as 
much speed and accuracy as possi- 
ble in one device. The majority of 
these are used in A/D converters 
with 10-bit resolution or better. 

In the third category you find 
most of the comparator population 
—1l-bit A/D converters with re- 
sponse times from 200 nsec to sever- 
al microseconds. These devices in- 
clude low supply-voltage versions, 
low-power versions, FET-input ver- 


sions, and dual and quad versions. 
They suit a wider spectrum of appli- 
cations than many designers realize. 
Because comparators have a reputa- 
tion for unpredictable behavior 
(they might burst into oscillation, 
blurring their own switching 
threshold, or they might create 
spurious pulses by chattering over a 
decision they have made), engineers 
are wary of these components and 
often choose a circuit approach that 
avoids comparators altogether. The 
use of comparators can, however, 
reduce your cost and component 
count (Ref 1). 

The fastest voltage comparators 
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ith the lowest capacitance-R(on) figure of merit, DMOS FETs give you 

more than 70 db of ‘OFF’ isolation at 20 MHz (CDG5341). And it’s still 
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We use low power packages for the best packing density. But, if you need 


mote we can give you a multi chip package, because we specialize in both stan- 
dard and custom multiple chip arrays. 


Complementary DMOS. Control 80V with 5V Logic 


OPAZ specializes in low to medium power DMOS in both vertical and lateral types. We make proprietary parts, and 

most of the industry standards. We’ve got the $D210-215. . .SD5000 series... ANO1 series... VNO1 series... VPO1 
series... TNO1 series. . . If you can’t find what you need in our catalog, then call us; we'll spec out a special. Want more 
information? Write, call or check the ‘bingo’... We'll send you our catalog and some ‘app’ notes. 
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you can buy today are the bipolar- 
ECL types offered by Advanced 
Micro Devices, Plessey, Honeywell, 
Analog Devices, and LeCroy. (All 
are monolithic; comparators based 
on hybrid construction methods are 
generally proprietary designs not 
offered commercially.) Except for 
LeCroy’s Model MV L407 monolithic 
quad comparator, the models in this 
group are all plug-compatible with 
either the single Am685 or dual 
Am687 types originally introduced 
by Advanced Micro Devices. 

AMD’s Am685, for example, 
specs a 6.5-nsec max propagation 
delay at 25°C under the standard 
test conditions: a 100-mV step with 
5-mV overdrive. (Overdrive is the 
input differential voltage in excess 
of the value required to drive the 
output voltage to its logic-threshold 
value.) The voltage gain—approxi- 
mately 1600—is fine for use in auto- 
matic test equipment (ATE) but 
generally impractical for use in 
mass-produced A/D converters. The 
Am685’s 6V, —5.2V_ supply-volt- 
age requirements are a headache for 
systems designers, but these non- 
standard values are necessary to 
support ECL-compatible output 
logic levels (approximately —1.75V 
and —0.85V). 

Supply voltages are less of a prob- 
lem for the single, TTL-compatible 
Am686 (5V, —6V) and the dual, 
ECL-compatible Am687 (5V, 
—5.2V). Fabricated using a 
Schottky-clamped bipolar process, 
all three AMD comparators come in 
16-pin DIPs; other package options 
include an 8-pin DIP, a 20-contact 
LCC, and a 10-lead metal can. 
These devices furnish complementa- 
ry logic outputs and a latch-enable 
input. The Am687 offers a comple- 
mentary latch enable as well. 


Racehorse comparators 

Plessey Semiconductors’ SP9685 
and SP9687 ECL-compatible com- 
parators spec faster (2.5-nsec) prop- 
agation delays. These models and 
the similar AD9685 and AD9687 
from Analog Devices are pin-com- 
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patible with the Am685 and Am687, 
respectively. AMD has answered 
with the Am6685 and Am6687, com- 
parable to the parts from Plessey, 
and Honeywell Signal Processing 
Technologies has recently intro- 
duced the HCMP96850 and 
HCMP96870. All of these second- 
generation ECL-compatible compa- 
rators employ a combination of pro- 
cess and circuit enhancements to 
achieve response times between 2 
and 38 nsec. AMD’s proprietary 
IMOX process, for example, pro- 
vides shallow-junction ion-im- 
planted transistors with a low junc- 
tion capacitance and short transit 
times. 

The Honeywell parts’ guaranteed 
differential propagation delay, or 
skew (+300 psec, input to output; 
+200 psec, latch to output), can 
reduce your system-recalibration 
requirements, according to product- 
marketing manager Randel Castel- 
berry. This guarantee applies both 
to comparators within a package 
and to comparators in different 
packages. 

All of these very fast comparators 
require 5V/—5.2V_ supplies, ex- 
cept the Am668 (6V/+5.2V). 
Model MVL407 from LeCroy Re- 
search Systems offers similar speed 


NONINVERTING BP Q OUTPUT 


INPUT 


INVERTING 
INPUT Q 


U é 
Le-4E 
LATCH ENABLE 


and ECL-compatible outputs but 
operates from +5V supplies. The 
monolithic MVL407 provides four 
comparators in a 20-pin DIP. Each 
comparator has complementary out- 
puts, and an internal 3.5-mV hyste- 
resis stage allows comparison of 
low-level or slowly changing signals 
without oscillation. Latches are not 
included in this model. 


Speed is key for ATE 


The major application for high- 
speed dual comparators is in ATE 
systems. Testers of high-pin-count 
digital ICs in particular use four to 
eight comparators per pin just to 
verify digital switching thresholds 
and to generate timing intervals. 
Each of these jobs requires two 
comparators, so the dual units offer 
convenience, plus the advantage of 
closely matched electrical parame- 
ters that track each other with vari- 
ations in temperature and supply 
voltage. You can produce a precise 
pulse width (time interval), for ex- 
ample, by connecting a NAND 
gate’s inputs to the outputs of two 
comparators that are fed by the 
same fast voltage ramp. The pulse 
width obtained in this way remains 
unaffected, because each compara- 
tor’s performance will change by the 


Q OUTPUT 
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Used primarily in ATE systems, the Am6687 high-speed comparator has dual complementa- 
ry latched outputs that are ECL compatible. Propagation delay is less than 3 nsec. 
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same amount and in the same 


direction. 

Comparator speed is the main 
consideration in these ATE applica- 
tions because it directly affects the 
tester’s throughput rate. Although 
this speed is obtained at the ex- 
pense of higher input bias currents, 
fast comparators can be used as 
they are in about half of all ATE 
applications. In the other applica- 
tions, you must add a FET-input 
stage or use other means to buffer 
the comparator’s bias current, ac- 


REPRESENTATIV 


cording to Pete Sylvan, a design 
engineer for Teradyne Inc. In gen- 
eral, ATE systems can tolerate the 
moderate gain and high power dissi- 
pation associated with fast com- 
parators. 


Stable in the linear region 


Also in the fast-comparator class 
is Linear Technology’s 10-nsec 
model LT1016C, which has comple- 
mentary TTL-compatible latched 
outputs. The negative supply cur- 
rent is only 3 mA, yielding about 






140 mW for total power dissipation 
—approximately half that of compa- 
rable ECL types. In addition, the 
low input-offset voltage (8 mV max) 
suits this device to use in succes- 
sive-approximation A/D converters. 
What’s more, the LT1016C is stable 
in its linear region—a feature not 
available in any other high-speed 
comparator, according to the com- 
pany. This stability reduces the 
problem of oscillation when han- 
dling slow-moving input signals. 
Also, of course, it eliminates the 
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Raytheon introduces a family of ad- performance, radiation hardness. Raytheon Company 


Semiconductor Division 
L] Flexible service and support: 350 Ellis Street 
complete integration of design and Mountain View, CA 94039-7016 


: 5.7% (415) 966-7716 
manufacturing eliminates gate array 


vanced Oxide-Isolated bipolar gate 
arrays combining density, high speed, 
low power consumption, and Inte- 
grated Schottky Logic. The 5,040 


gate, 150 1/0, CGA S0LI5. The 3,584 -—«4Nxieties. Fully automated CAD (in- Access to the right technology 
gate, 1241/0, CGA 35L12. cluding conversion from logic simula- 

tion to placement and routing, linkage 
CO High performance: 1|.2nS, 160uW between logic simulator and tester). 


Flexible customer interface points, 


(typical) gate performance for <0.2pJ 
program manager support. 


speed-power product. Selective en- 
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degradation. And total chip dissipa- arrays, redefined. We'd like to get the 
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REPRESENTATIVE VOLTAGE COMPARATORS (Continued) 






RESPONSE| VOLTAGE 





MANUFACTURER 
AND MODEL' 





PRECISION 


_ MONOLITHICS 
CMP-01E 200,000 
CMP-02E 200,000 
CMP-04FP 70,000 
CMP-05E 8000 


SIGNETICS 


NE521 8 
NE527 16 
NE529 12 


TEXAS 





INSTRUMENTS 
TL510C 10,000 
-TL331C | 200,000 TYP 
TL506C 40,000 TYP 
TLC372C 200,000 TYP} 1 pA TYP 
TLC374C 200,000 TYP 


NOTES: 





INPUT 
VOLTAGE 
(V MAX) 









40 +5 
4 +5/+10 
50 +5/+10 




























LOW INPUT CURRENT 
LOW-POWER QUAD; SINGLE- 
SUPPLY OPTION 

HIGH SPEED; LATCHED 
OUTPUT 









HIGH-SPEED DUAL; STROBED 
OUTPUT | 

COMPLEMENTARY STROBED > 
OUTPUTS 
COMPLEMENTARY STROBED 





250 MAX 





250 MAX 








STROBED OUTPUT 
+15V SUPPLY OPTION, LOW 
POWER 
DUAL; STROBED OUTPUT 
CMOS, DUAL, LOW POWER 
CMOS, QUAD, LOW POWER 





1, COMPARATOR MODELS LISTED ARE COMMERCIAL-TEMPERATURE- RANGE VERSIONS (PARAMETERS SPECIFIED AT 26°C) UNLESS 


OTHERWISE INDICATED. 


2. RESPONSE TIMES ARE BASED ON A 100-mV STEP WITH s-mV OVERDRIVE. 


3. UNLESS OTHERWISE SPECIFIED. 


4. THESE MODELS ARE MANUFACTURED BY NATIONAL, TI, MOTOROLA SIGNETICS, AND OT HERS. 


need for latch-circuit hysteresis, 
which is used in some comparators 
to prevent oscillation in the linear 
region. 

One step down in speed are the 
comparators whose major applica- 
tion is in successive-approximation 
A/D converters of hybrid construc- 
tion. These comparator types do 
strenuous work; they need both 
high speed and high gain. Too much 
speed (bandwidth) or gain, howev- 
er, will cause the comparator to 
oscillate as a consequence of the 
unavoidable parasitic capacitance 
between output and input. Because 
of this constraint, comparators limit 
the achievable resolution and con- 
version time for many successive- 


50 


approximation A/D converters. 
Still, a minimum value of gain is 
required to ensure that the compa- 
rator output will switch reliably in 
response to a small input overdrive. 
Equally important, the comparator 
output must complete this output 
transition in time to respond prop- 
erly to the converter’s next bit deci- 
sion. In a 12-bit converter, for ex- 
ample, the comparator must 
perform satisfactorily with an over- 
drive of % LSB, and preferably 
with less than that. If % LSB=1.22 
mV and the comparator’s output 
must change by 2V, the necessary 
gain is 2+0.00122, or about 1640 
min. Unfortunately, few of the com- 
parators that offer enough speed for 


competitive A/D-converter designs 
can guarantee this much gain. 

In some cases, hybrid converter 
manufacturers solve the gain prob- 
lem by adding a discrete voltage 
amplifier in front of the comparator 
chip. A voltage amplifier with a gain 
of 50 to 80 allows the use of LM8311 
and LM819 comparators that other- 
wise would be unsuitable for these 
applications. 


Suitable for A/D converters 


Precision Monolithics’ CMP-05E 
precision comparator is among the 
few devices suitable for use in 12-bit 
A/D converters. It guarantees a 
voltage gain of 8000 and a 55-nsec 
propagation delay with 5-mV over- 
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drive. PMI’s zener-zapping trim- 
ming method reduces the input-off- 
set voltage to 0.25 mV max. In 
addition, an output latch control al- 
lows you to make comparison deci- 
sions on a sampling basis. 
Raytheon’s Model RC4805E com- 
parator is plug compatible with the 
CMP-05E. It specs a 30-nsec propa- 
gation delay but no guaranteed min- 
imum gain (typical gain is 15,000). 
The device includes a latch for the 
TTL-compatible output. Linear 
Technology Corp’s LT1011 offers 
12-bit performance but requires an 
external latch for A/D-converter ap- 


15V 
0.1 pF 


ae 


154k 
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plications. This comparator specs a 
250-nsec response time (150 nsec 
typ) and a gain of 200,000, guaran- 
teed for a single 5V supply as well 
as bipolar supplies from +5 to 
+15V. All specs but gain are guar- 
anteed over the operating tempera- 
ture range. 


Speed compromises accuracy 


Several other comparators are 
fast and therefore worthy of men- 
tion, but you may find their high 
bias currents unattractive for use in 
A/D converters with better than 
8-bit resolution. Signetics’ 22-nsec 
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max NE529, for example, specs a 
50-~A input bias current; the 26- 
nsec NE527 reduces bias current to 
4 wA by adding input emitter-fol- 
lowers to the input stage. The volt- 
age gain is not specified for either 
product. 

National Semiconductor’s 20-nsec 
max LM361 and Fairchild’s 16-nsec 
typ »pA760C also require high bias 
currents. Their respective gain 
specs are 3000V/mV and 7000V/mV 
(the latter figure assumes the maxi- 
mum allowed supply voltages). Both 
comparators provide complementa- 
ry outputs. The LM361 includes an 


O——O DRIVE PARAMETRICS 
O——O DC CALIBRATION 
DRIVE TO DUT 
O—O AC CALIBRATION 
O——O RESPONSE PARAMETRICS 
O——O DC CALIBRATION 
RESPONSE FROM DUT 
—~5.2V 
mci0101 
781 6 
: O CMPY 
6 O CMPY 
fre 
TO COMPARE LOGIC 
4 Db» O FAILY 
2 Pare. oe 
& O FAILY 
MC10101 


An Am687 dual comparator senses voltage levels from a remote device under test in this digital option for LTX’s LT X77 linear/digital IC 
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Comdial Semiconductor set the standard for guaran- 
teed delivery of reliable CMOS/HMOS prototypes. Now, 
as Orbit Semiconductor, Inc., we will continue our 
commitment to guaranteed service. 


Orbit’s high reliability CMOS processes, N-Well or 
P-Well, extend to 2 micron feature sizes. The quality 
of our processing allows us to deliver product to 
Mil-Std-883C requirements. Mature processes, i.e. 
Synertek’s, are also available. 


Orbit guarantees on time delivery for engineering 
prototype runs. 


< 10 working days Single Poly and Single Metal 
CMOS/HMOS 


S15 working days Double Poly or Double Metal CMOS 


From prototyping to large volume production orders 
in wafer form or packaged parts, Orbit delivers on time. 
That’s reliability you can count on. 
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What others promise, we guarantee. 


For information, please contact Gary Kennedy, President. 
1230 Bordeaux Drive, Sunnyvale, California 94089 
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independent strobe for each output. 

Not all comparator applications 
require high speeds. You probably 
wouldn’t mind if a comparator took 
several microseconds to indicate a 
low battery voltage after it had 
monitored the battery for three 
weeks. The LT1040 from Linear 
Technology is suited to this and 
many other tasks requiring low 
power consumption. Based on a sili- 
con-gate CMOS process and 
switched-capacitor circuit tech- 
niques, this dual sampling compara- 
tor draws only 1 nA while in the 
standby mode. 


Unique circuit architecture 


The LT1040 has little in common 
with more conventional compara- 
tors. Its A and B sections each have 
two pairs of differential inputs, and 
each comparator’s output logic state 
follows the arithmetic sum (positive 
or negative) of voltages applied to 
its four input terminals. You can 
choose to sample these input volt- 
ages on command or to sample them 
at a rate set by an internal oscilla- 
tor, with the frequency (0.1 Hz to 1 
kHz) determined by an external re- 
sistor and capacitor. The compara- 


tor’s response is completed 80 psec 
after an external command or inter- 
nal strobe, and it’s independent of 
overdrive voltage. 

Three additional outputs augment 
the LT1040’s versatility. The 
pulsed-power terminal asserts the 
V* supply voltage for the duration 
of a comparison sample, letting you 
save power by activating an exter- 
nal circuit (a resistive bridge, for 
example) only when needed. The 
(A+B) output connects the compa- 
rator outputs in a NOR gate to 
simplify window-comparator hook- 
ups, and the on/off output is derived 
from on-chip logic that lets you im- 
plement bang-bang controller appli- 
cations with few external compo- 
nents. 

Other comparator types fit a vari- 
ety of niche applications and offer a 
range of electrical performance—in 
part because many devices are sim- 
ply old and represent a bygone state 
of the art. In addition to a selection 
of parameter values, these types 
offer low power consumption for re- 
mote and battery-powered systems, 
low-voltage (1V) supply operation, 
FET inputs to provide low bias cur- 
rents, and output stages that simpli- 


For more information... 


For more information on the voltage comparators mentioned in this article, contact the following manufacturers 
directly or circle the appropriate numbers on the Information Retrieval Service card. 


Advanced Micro Devices Inc 
Box 3453 — 

Sunnyvale, CA 94088 

(408) 732-2400 

Circle No 710 


Honeywell Inc 

Signal Processing Technologies 
1150 E Cheyenne Mountain Blvd 
Colorado Springs, CO 80906 
(303) 576-3300 


Box 20912 
Phoenix, AZ 85036 
(602) 244-6900 
Circle No 718 


Circle No 714 


Analog Devices Inc 

Two Technology Way 
Norwood, MA 02062 

(617) 329-4700 

Circle No 711 


Intersil Inc 

10710 N Tantau Ave 
Cupertino, CA 95014 
(408) 996-5000 


National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 05051 


(408) 737-5000 
Circle No 719 


Circle No 715 


Fairchild Camera and Instrument Co 


Motorola Semiconductor Products Inc 


fy the interface to different logic 
families. Some types come in dual 
and quad versions to reduce the 
package count in a system. 

CMOS technology offers the obvi- 
ous way to achieve low power con- 
sumption. Texas Instruments’ dual 
TLC372 and quad TLC374 compara- 
tors, based on the company’s linear- 
CMOS process, draw only 0.1 mA 
per comparator from a 5V supply. 
However, Linear Technology’s 
LT1017 is a bipolar dual-comparator 
IC that draws even less supply cur- 
rent—0.15 mA total from a 5V sup- 
ply. Other low-power bipolar de- 
vices include the familiar LM393 
dual comparator (0.4 mA) and the 
LM394 quad device (0.8 mA). 
Siliconix’s L161 quad comparator, 
the TI TL331, and the Intersil 
ICL8001 also feature low current 
draw. (All these supply currents are 
measured under static conditions 
and with no output load.) 

In addition, you can find compara- 
tors that operate with supply volt- 
ages as low as 1.15V or +2V. The 
demand for these low-voltage com- 
parators should escalate, along with 
the trend toward finer-geometry 
ICs that require low supply voltages 
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Semiconductor Div 

350 Ellis St  -. 
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Circle No 723 


Plessey Semiconductors Inc 


3333 Bowers Ave 
Santa Clara, CA 95051 
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Circle No 712 
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Santa Clara, CA 95054 
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Circle No 724 


LeCroy Research Systems Corp 
700 S Main St 

Spring Valley, NY 10977 

(914) 425-2000 

Circle No 716 

Precision Monolithics Inc 
1500 Space Park Dr 

Santa Clara, CA 95050 
(408) 727-9222 

Circle No 721 


Harris Semiconductor Corp 
Analog Div 

Box 883 

Melbourne, F'L 32901 

(805) 724-7000 

Circle No 713 


Texas Instruments 
Semiconductor Group 
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Dallas, TX 75265 
(214) 995-2011 
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Linear Technology Corp 
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Milpitas, CA 95035 
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We're Bicc-Vero. We supply it all. 


We're serious. Play to win. 
Call us once. 


Wide Selection of boards including. 


M@ CPU's fixed or floating point, single 


board computers, DRAM, static RAM, 
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and software support from operating 
systems to board drivers. 
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The HCMP96850 high-speed comparator from Honeywell is suitable for use in automatic test 
equipment and high-speed instrumentation. Propagation delay is less than 3 nsec. 





(Ref 2). Currently available low- 
voltage comparators include Linear 
Technology’s LT1017 and LT1040C, 
Siliconix’s L161, and the generic 
LM839 and LM393. 

National Semiconductor’s LF311 
FET-input comparator provides 
subnanoampere input bias currents 
that almost eliminate bias-current 
errors. The device can operate from 
a single 5V supply or from +15V 
supplies. Its +10-mV max input off- 
set voltage rules out some applica- 
tions, however. 

Commodity-comparator products 
like the quad LM339 are popular, 
principally because of their price: 
You can buy the LM3889 for about 
$0.35. “At that price they are virtu- 
ally free,” says Phil Perkins, chief 
engineer, advanced development 
for LTX Corp. It’s also easy to de- 
sign parts like the LM339 into the 
applications for which they’re best 
suited. 

Still, Perkins would be willing to 
pay considerably more for an en- 
hanced LM339. The part’s output 
swings to the negative power-sup- 
ply rail, for example, so with bipolar 
supplies you often must add a level 
translator to make the output com- 
patible with the load circuit’s logic 
requirements. A 16-pin package and 
a logic-level select pin controlling all 
four of the comparator outputs 
would address this problem. Also, 
Perkins suggests, it would be nice to 
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have a middle-performance compa- 
rator that specs a 100-nsec response 
time and a decent common-mode 
range but is easy to apply like the 
LM839. Lower input bias current 
would be welcome, so the device 
might profit from FET inputs. 
Improvements in voltage compa- 
rators need not depend entirely on 
improved technology. A better dia- 
logue between the makers and 
users could lead to models with a 
more useful combination of the fea- 
tures that are already available. 
One technology development seems 
certain, however: the use of gallium 
arsenide to speed the performance 
of linear ICs. Within the year you 
may see GaAs voltage comparators 
that feature 0.5- to 1.0-nsec propa- 
gation delays, gains of 200, and 
input bias currents below 20 nA. 
EDN 





References 


1. Williams, Jim, “Use comparator 
ICs in new and useful ways,” EDN, 
January 6, 1983, pg 115. 

2. Mosley, J D, “JEDEC standards 
for sub-5V chips to guide future sub- 
micron VLSI designs,” EDN, April 
18, 1985, pg 71. 





Article Interest Quotient 
(Circle One) 
High 500 Medium 501 Low 502 











Ned 
= 
= 
cont 





ONE-CHIP MODEM 





ad 
Fae 
~ 
= 
=. 
Mua a 
- 
=o 
= 
= 





SILICON SYSTEMS OFFERS 





ACtor 


micon.: 
Cam ple 


ISOTL 


5 
Q 
‘ 
nt 
2 
" 
a 
al 


oress Se 





_ and 20610 | he 55mA. generic cP 


oth with optional windowed parts. Both = 
00% tested ee ~ to 75% ete 


rogram our part to your ee co ent. 
¢ toll. free phone 
ole t return mail, 
your 22V10 COMPARISON OFFER 
CERTIFICATE with full details of the 
_ comparison offer. It’s easy. 


In California call, 1-800-423-4440. 
In Europe call, (32) 2-67 2-2220. 
- In Canada call, (416) 475-3922. 
ka for Dept. CAI. ee expires. 
a 30, ee 


PAL 20 or PAL 24 device 


MOS PAL product line ; 
45mA PAL 20 family; 


CMOS Data Book 











Get a calculator that has no equal. 


Get an HP-41. 
So advanced, it doesn’t need an 
“equals” key. So extremely simple to use, 
) you ll be quickly solving the most diffi- 
cult electronic design and analysis problems. 

The HP-41 has over 2,500 software programs to 
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able are plug-in application pacs. They allow you to 
easily handle things like complex number operations, 
network analysis and fourier series. And four ports 
give you the ability to add a variety of enhancements 
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mass storage devices. 

The HP-41’s quality also has no equal. That’s some- 
thing you can see. Even feel. Right down to the touch 
of the keys. They’re designed to prevent double entry. 
So you won't enter more than one number at a time. 

And there are two HP-41s to choose from. The HP- 
41CV or the extended capabilities of the HP-41CX. 

So call (800) FOR-HPPC toll-free. Ask for Dept. 
215C. We'll instantly give you the name of a calculator 
dealer who has no equal. 
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Logic analyzers evolve 
in response to high-level languages 


Charles H Small, 
Associate Editor 


In parallel with the design engi- 
neer’s journey from pencil-and-pa- 
per designs and discrete parts to 
high-level languages and program- 
mable ICs, logic analyzers—in their 
latest incarnation as software ana- 
lyzers—have also evolved by be- 
coming high-level-language instru- 
ments. Although the software 
analyzer is a logical and necessary 
extension of the concept of logic 
analysis into the realm of high-level 
software, the instruments are so 
new that not even their makers, let 
alone software engineers, fully ap- 
preciate all the changes that the 
instruments will wreak on soft- 
ware-engineering methods. 

From their introduction, logic an- 
alyzers gave engineers a new way of 
looking at phenomena—seeing 
events in parallel instead of serially. 
Software analyzers, similarly, pro- 
vide new ways of analyzing soft- 
ware and viewing the phenomena 
associated with the software under 
development (see box, “From logic 
to software analyzers”). In addition, 
hardware-based software-perfor- 
mance analyzers prove useful earli- 
er in the software-design cycle (Fig 
1) than do software-based ana- 
lyzers (program profilers). 

Typically, hardware-based _soft- 
ware analyzers make five classes of 
measurements on program state- 
ments and data constructs: 
Intermodule linkage 
@ Program activity 
@ Memory activity 
@ Module duration 
@ Module usage. 


That is, the analyzers can record Fig 1—You can use hardware-based software-performance analyzers early in the software- 
extended sequences of subroutine design cycle. Unlike software-based analysis tools, which typically wait until the verification 


or procedure calls, the frequency of stage, hardware-based tools prove useful as soon as you need to debug multiple modules. 
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You said so yourself 


Ask which electronic engineering publication is most useful on 
the job and your answer is EDN. 

Again and again. 

In fact, EDN has won 87 out of 125 (or 70%) of the independent 
readership/reader preference studies conducted since 1978. That includes 
capturing the 1984 Westcom Study, the most comprehensive readership 
study ever conducted in the industry. Which tells us EDN captures more 
attention than any other electronic engineering publication. 

Thanks. We couldn’t ask for better results. 

First in Readership among Design Engineers and Engineering Managers in Electronics 


Cahners Publishing Company [1] Publishers of 33 specialized business magazines in Building & Construction (J Electronics & Computers 
L] Foodservice (] Manufacturing [1] Medical/Health Care Cahners Building, 275 Washington Street, Newton, MA 02158-1630 617/964-3030 
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From logic to software analyzers 


Early logic analyzers served low-level-logic design- 
ers by capturing multiple channels of timing data 
and displaying them in fundamental terms—timing 
diagrams. Although logic analyzers never lost the 
capability to display timing waveforms, the instru- 
ments gradually acquired additional abilities in re- 
sponse to design engineers’ changing needs. Logic 
analyzers could soon capture, format, and display 
data in forms increasingly abstracted from the 
electrical activity in the circuits under test. The 
first step along the road to handling high-level lan- 
guages was the state analyzer. State analyzers 
compress captured data into lists of numbers or 
characters—usually binary, octal, hexadecimal, or 
ASCII. 


Analyzers become abstract 


Next, state analyzers became uP analyzers when 
they acquired wP-specific interfaces and the ability 
to disassemble captured data into the assembly- 
language mnemonics of the targeted wP. Inferring 
the assembly-language program from captured 
data is a relatively simple process because of the 
one-for-one correspondence between an assembly- 
language instruction and the corresponding »P 
state that the analyzer sees at the pP’s pins. Fur- 
ther, uP analyzers that are integrated into a hard- 
ware/software development system can easily con- 
‘sult the assembler’s original symbol tables and 
_ plug labels back into a disassembled listing in place 
of raw hexadecimal numbers where appropriate. 
Thus, although the term “software analyzer” refers 
to high-level-language instruments and doesn’t 
refer to »P analyzers, the »P analyzers are really 
a rudimentary kind of software analyzer. 

High-level software analyzers are just now be- 





ginning to appear. These instruments attempt a 
much more difficult task than wP analyzers; a soft- 
ware analyzer’s job is to trace high-level-language 
execution and data constructs based on observa- 
tions of a wP’s address, data, and status lines. 
Decompiling machine-level activity into high-level 
code is much more difficult than disassembling be- 
cause no one-for-one correspondence exists be-_ 
tween a high-level-language construct and the code 
it becomes through compilation—particularly if you 
invoke the compiler’s optimizing option. The de- 
gree of abstraction of high-level languages from 
the pP’s activity is high, and no clear-cut path 
exists between the two domains. 

In fact, software analyzers don’t really decompile 
captured data. Instead, they rely on myriad clues 
to associate certain kinds of P activity in specified 
memory areas with a corresponding section of a 
high-level program. Therefore, software analyzers 
cannot function without extensive cross-reference 
information from the compiler that generated the 
object code that the instrument is analyzing. The 
software analyzer must know, for example, not 
only the absolute locations of all variables and 
other data constructs of interest, but also the 
mechanisms the compiler uses to pass variables 
between modules or subroutines and the locations 
of all specified program modules’ entry and exit 
points. 

Armed with this cross-reference information and 
understanding the compiler’s mechanisms, the soft- 
ware analyzer can correlate your high-level debug- 
ging commands with the low-level activity it sees 
at the wP’s pins. Moreover, after capturing data, 
the analyzers can condense and display them in _ 
ways that help you pinpoint program bugs. 


program flow to selected parts of 
the code, the program’s destination 
in memory, length of run time for 
selected modules, and frequency of 
calls for selected modules. You spec- 
ify all of these program and memory 
areas using the same terms used in 
your original source code. The ana- 
lyzer then correlates those com- 
mands with the correponding ob- 
ject-code and memory areas and 
configures itself to trigger on low- 
level events. | 
Somewhat confusingly, three 
types of software analyzers current- 
ly exist. Real-time software analyz- 
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ers (also called software-perfor- 


mance analyzers) have specialized, 
fast hardware that allows them to 
obtain one-shot timing data. 
Nonreal-time analyzers, on the 
other hand, must occasionally inter- 
rupt the software under test to re- 
cord the state of program con- 
structs or the nP because they lack 
fast hardware. Finally, some so- 
called software analyzers mimic 
conventional software-based pro- 
gram profilers. Like the software 
tools they mimic, these analyzers 
measure repeated runs of the same 
program to gather and reduce sta- 


tistical data. Consequently, they 
prove useful only during the final- 
verification stages of software de- 
velopment. 

The key difference between the 
hardware- and software-based 
methods of software analysis is that 
in using the latter method, you must 
instrument your program; with the 
former method, you instrument the 
hardware (see box, “Software- vs 
hardware-based tools”). Thus, users 
of software-based software analyz- 
ers must edit and recompile their 
programs each time they change 
their measurement setups. Hard- 
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Software- vs hardware-based tools 


Because the advocates of software-based software 
analyzers have experience only with program pro- 
filers, they consider only module duration and mod- 
ule usage to be software-performance analysis. To 
them, software analysis is a tool to be applied only 
during the last phases of a software project for 
what they loosely term “optimization” (“fine tun- 
ing’ is in fact a more apt term). By optimization, 
they mean that after measuring the time consumed 
by various program modules, they rewrite the 
slowest and most frequently called ones so that 
those modules execute faster, thereby speeding the 
overall program’s execution. (They can also, at this 
juncture, eliminate the phantom modules that are 
never called. Such phantoms seem to lurk, need- 
lessly occuping memory, in every large program.) 


Application area expands 


But this myopic view of software analysis over- 
looks the utility of the new hardware-based soft- 
ware analyzers early in a software-design project. 
Conventional software-based software-analysis 
tools are too cumbersome to be applied economical- 
ly anywhere other than during the final phases of a 
project. In contrast, hardware-based software ana- 
lyzers are much faster to set up and run. There- 
fore you can use hardware-based software analyz- 
ers to trace module-to-module jumps and to trace 
variables passed between modules early in the 
software-design cycle—in fact, as soon as you have 
just two modules to check. In other words, soft- 
ware analyzers’ area of application isn’t limited to 
just conventional software analysis; it also overlaps 
what conventional wisdom considers debugging. 


A typical debug session 


The software analyzers’ abilities begin to make 
sense when you consider how you might perform a 
typical high-level-language debugging session with 
the aid of a hardware-based software analyzer. Re- 
call that the conventional software-based debug- 
ging tools generally allow only single-stepping 
through modules line by line, module by module; 


software-analyzer 


model) for a hardware-based soft- 





you then manually examine the program’s state. 
This debugging scheme is laborious and far from 
optimal because it begins with the particular in- 
stead of the general. 

A hardware-based software analyzer, on the 
other hand, allows you to start at the highest, 
most abstract level of your program’s algorithm: 
how the program’s modules interact. You can use 
the software analyzers’ module-linkage tracing fa- 
cility to see if the sequence of modules is according 
to your plan. 


From general to particular 


If the sequence of modules proves correct, you 
could next trace common (global) or shared data 
constructs (data passed between modules) in an 
effort to find data being corrupted. Once you’ve 
homed in on the offending module, you could then 
dip into that module’s execution to trace its local 
variables. When you find a local variable with 
wrong data, then (and only then) you can revert to 
conventional software-debugging practice and trace 
your program line by line. 

Proponents of software-based software analyzers 
might argue that they could duplicate this se- 
quence of descending from module linkages to 
statements by peppering their programs with 
Print statements at appropriate locations. They 
could determine module entry and exit points by 
inserting commands to print such announcements 
as “entering module A” and “exiting module A” at 
the beginning and end of module A’s statements. 
Similarly, they could print the contents of various 
data constructs at key points in the program. 2 

Although the software-based analyzer propo- 
nents could thus duplicate some of a hardware- 
based software analyzer’s abilities, experience 
shows that the software method is too time con- 
suming and its output too difficult to interpret; in 
addition to making real-time measurements that 
software methods can’t hope to duplicate, the hard- 
ware-based software analyzer is easier to use, and 
its output is easier to interpret. 


mance analysis in their state analyz- 


users, on the other hand, can run 
the same program over and over 
without time-consuming recompila- 
tion because they don’t depend on 
in-line code. Each user will have to 
decide whether his or her time is 
valuable enough to warrant the 
$3000 to $11,000 (depending on 
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ware analyzer. 


Paying the price 

Not all hardware-based tools are 
that easy to use, however, and not 
all have wide application areas. Of 
the major logic-analyzer makers, all 
offer some form of software-perfor- 


ers. And all complain that users 
neither appreciate nor understand 
the feature. However, a software 
analyzer that has a limited range 
and that must be programmed man- 
ually (each time you change just one 
routine and recompile and relink, all 
the absolute addresses change and 
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Thinking custom LSI? You should be, to gain the edge over your competition. 
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There are over 50 different ULA’s supported by the Ferranti Silicon Design 
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program execution, locates possible bottlenecks, and notes which routines are called 
frequently. 





therefore must be updated) is likely 
to be used only when absolutely 
necessary. By excluding such lim- 
ited devices, you're left with soft- 
ware analyzers that can both access 
a compiler’s symbol tables and auto- 
matically access program hooks. 


Real-time analyzer 


The Hewlett-Packard HP 64840A 
software analyzer, for example, 
solves otherwise intractable prob- 
lems of tracing the real-time execu- 
tion of high-level programs. The 
$11,000 analyzer is a 3-board set for 
the company’s HP 64000 wP devel- 
opment system (processor-specific 
analysis software costs $1000). In 
addition to the 64340A, a reasonably 
configured 64000 system will cost 
$20,000 or more. 

Unlike the 64340A, other analyz- 
ers are befuddled by certain aspects 
of such high-level languages as Pas- 
cal and C because programs gener- 
ated by these languages’ compilers 
define certain variables and other 
data constructs as the programs 
run. Instead of preallocating to each 
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data construct its own private mem- 
ory area at compile time, the pro- 
grams typically use and reuse a 
common area of memory—called a 
stack or heap—for data constructs. 
Therefore, you don’t know where a 
given data construct will reside. 
Worse, a given memory location 
could successively contain several 
variables during different phases of 
a program’s execution. 

Because you must explicitly arm 
the event recognizers (address, 
data, and qualifier comparators) of 
other instruments before a pro- 
gram’s test run, those instruments 
cannot handle dynamically declared 
data constructs in real time. In- 
stead, they must inject pauses into 
the program’s flow while the instru- 
ment takes a snapshot of the target 
system before resuming execution 
(that is, it moves a copy of the state 
of the data construct and the pro- 
cessor into data-capture memory). 

The HP 64340A, however, can 
follow the execution of a program by 
using a combination of cross-refer- 
ence data from the manufacturer’s 


Pascal and C compilers, special 
hardware, and post-capture data re- 
duction. The company is trying to 
convince other compiler suppliers to 
provide the necessary hooks with 
their compilers so that the HP 
64340A will be able to work with 
compilers other than those supplied 
by Hewlett-Packard. 


Family resemblance 


Fig 2 shows the 64840A’s archi- 
tecture. The instrument’s front end 
resembles that of a logic analyzer. 
The analyzer’s inputs are in parallel 
with the inputs of the 64000’s in- 
circuit emulator—that is, the ana- 
lyzer sees the target »P’s address, 
data, and status lines. The analyzer 
has an onboard 68000 pP and a 
4k x 96-bit data-acquisition memory. 
An acquisition-memory location 
stores not only the state of the »P— 
address, data, and status lines—but 
also a time tag, a computed pro- 
gram-counter value, and flags from 
the analyzer’s state machines. The 
analyzer needs all this information 
for post processing. 

Information that the analyzer 
gleans from the compiler allows the 
analyzer to set up its static and 
dynamic event recognizers. During 
a program’s test run, the recog- 
nizers strobe data into the acquisi- 
tion memory. After the test run, 
the 64000 system uses the informa- 
tion stored in the analyzer’s acquisi- 
tion memory to reconstruct the pro- 
gram’s activity. 


Tracing local variables 


For example, suppose you want to 
trace one procedure’s reads and 
writes to a dynamically defined var- 
iable that is local to that procedure. 
F'rom the compiler’s cross-reference 
tables, the analyzer knows the loca- 
tion of the beginning and end of the 
procedure’s instructions and also 
knows how the compiler handles the 
procedure-entry overhead of setting 
up the local variables on the stack 
(the reserved area on the stack is 
called a frame). Further, the cross- 
reference data also gives the 
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Choose the PM 3551 A, the world’s fastest 
transitional timing analyzer. With simultaneous 
state and timing analysis. Plus powerful per- 
formance analysis with unique features. Mea- 
sure recursive routines, and obtain undistorted 
data even if subroutines are interrupted. Up to 
16 on-screen timing channels. Unmatched 
trigger facilities. Pure power! 

Pure power, too, with the PM 3632 
Personal Logic Analyzer. And at a price that 
lets you put one on every bench. Handles 32 
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channels at speeds up to 100 MHz. Adapts to 
any popular WP. Optional ROM emulator and 
plug-in Set-up and non-volatile Data Memory. 
Both feature a simple, powerful menu 
system with soft-key entry that puts you in 
charge from the first day. The choice is yours! 
Get the details on the PM 3551 A logic timing, 
state and performance analyzer and the 
PM 3632 Personal Logic Analyzer. In the final 
analysis you'll choose Philips. Contact your 
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64340A the position of a given varia- 
ble—or offset—within the frame. 
The analyzer arms its low-level 
recognizers with the procedure’s 
entry and stack-setup instruction 
addresses. When it senses that the 
program has jumped to the proce- 
dure of interest and has set up its 
local variables, the analyzer calcu- 
lates the absolute address on the 
stack of the variable by using both 
the current stack pointer (SP) and 
the known offset of the variable 
within the frame. The analyzer also 
sets up its Boolean-function genera- 
tor. When the Boolean-function 
generator recognizes an access to 
the dynamically defined variable of 
interest, the analyzer records the 
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Fig 2—By using details gleaned from a high-level language’s cross-reference tables, the 
$11,000 HP 64340A real-time software-performance analyzer can trace program activity in 
real time without injecting wait states into the target system’s execution of the program under 


test. 
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96-bit-wide state of the system 
under test. When the program’s 
flow exits from the procedure, the 
analyzer dismantles the dynamic 
word recognizers’ and Boolean-func- 
tion generator’s setup. 

Because the analyzer’s event re- 
cognizers can work in pairs, the 
analyzer can record activity over a 
range of addresses as well as at one 
address. The 64340A has enough 
event recognizers to monitor four 
ranges simultaneously. In this way, 
it can capture as many as 256 copies 
of a complete stack frame or other 
data construct as the program exe- 
cutes. You can also set up the pairs 
of event recognizers to trace your 
program’s flow by procedure or by 
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groups of procedures if the pairs of 
recognizers span entire procedures 
or groups of procedures. (You can 
trace groups of procedures only if 
the compiler has loaded the groups 
contiguously. ) 

The HP 64840A also traces state- 
ments and data constructs in non- 
real time, as other analyzers do, by 
cross-triggering the development 
system’s in-circuit emulator and by 
breaking execution when it sees 
hardware breakpoints. (A hardware 
breakpoint comes from an event re- 
cognizer; a software breakpoint 
comes from extra debugging in- 
structions inserted at key points in 
the program.) The analyzer has nine 
hardware breakpoints that operate 
in parallel. 

Further, the analyzer’s remaining 
functional blocks allow it to count 
the number of occurrences of 255 
different events. This real-time, 
nonintrusive ability proves useful— 
as does the analyzer’s ability to 
measure the time the program 
spends in various procedures (time- 
stamp data)—in identifying proce- 
dures that run often or consume 
excessive amounts of computer 
time. 


Nonreal-time analyzer 


If you can forgo real-time meas- 
urements, the $3000 HP 64330 pro- 
vides a suite of measurements simi- 
lar to that of the 64340. The low-cost 
instrument, however, cannot dy- 
namically re-arm its event recog- 
nizers. Instead, it interrupts the 
emulator’s processor when it needs 
to determine what the processor is 
doing. So although it can handle 
dynamically defined (as well as stat- 
ically defined) program constructs, 
it cannot run in real time. 

Hewlett-Packard also has a pair 
of software-performance analyzers 
—the $3440 HP 64310A and the 
$4850 to $9610 (depending on num- 
ber of channels) HP 64620S—that 
provide only global measurements 
of module-execution times. These 
instruments fulfill classical soft- 
ware-performance roles and are un- 
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Microsoft FORTRAN. 
The overwhelming favorite. 


How did Microsoff FORTRAN get so popular? 

It could be the mainframe compatibility. Our 
compiler makes porting applications a cinch 
with overlays and the ANSI features you need. 

It could be our support for arrays and 
COMMON blocks larger than 64K. So you can 
tackle mainframe-size problems. 

It might be the shelves and shelves of third 
party support libraries. No other FORTRAN 
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DO 181 = 1,819! 

FIAGS(1) = . TRUE. 
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i? Ki: 1 + PRIME 


ign 406 
avin aoeeeeei (i) °." 
16: COUNT = COUNT + 1 





Cut your development time dramatically. The Symbolic Debug utility, part 
of the Microsoft Macro Assembler, lets you debug your FORTRAN programs 
using your original source code or the resulting disassembly. For example, 
you can set breakpoints on line numbers, observe the contents of variables and 
expressions, and examine the contents of the stack. 


It could be the extensive math support. Our 
collection of math libraries is simply the largest 
available. Tackle real problems with direct 8087 
support or emulation. Use IEEE floating point 
or —for extra speed—the altmath package. 

It could be the comprehensive set of utilities. 
A powerful linker and library manager com- 
bination. Plus tools like EXEMOD and 
EXEPACK. Standard. | 

It could be the XENIX® and MS-DOS® 
source-level compatibility. Or the direct inter- 
language calling to Microsoft C, Pascal and 
Assembler. Or the ability to work with our 
Macro Assembler's symbolic debugger. 

It could be the value. Nobody offers a 
FORTRAN package this complete at this low 
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Why is Microsoft FORTRAN the most 
popular FORTRAN? 
All the above. 


Microsoft FORTRAN Compiler Version 3.3 
for MS-DOS and XENIX 286 


Microsoft FORTRAN Compiler 
*Implements most ANSI 77 standard features, plus 
extensions. 
Easily port mainframe/minicomputer programs with little 
or no modification. 
* Overlay support in the compiler and linker. 
*Common blocks and arrays greater than 64K. 
*Supported by the largest number of third party libraries. 
*Includes a full set of math libraries to select from: 
*8087/80287 emulation. 
*8087/80287 coprocessor support. 
*Floating Point without 8087/80287. 
*BCD Floating Point. 
¢Conditional compilation. 
¢Link your FORTRAN routines with Microsoft C Compiler 
(version 3.0 or higher), Microsoft Pascal (version 3.3 or 
higher), and Microsoft Macro Assembler. 
*MS-DOS 3.1 network support and IBM” local area network 
support. 
* Source code compatible between MS-DOS and XENIX 286. 
*Do source level debugging with the Symbolic Debug 
Utility, available separately with Microsoft Macro 
Assembler. 
Object Code Overlay 
¢Simple overlay linker combines relocatable object modules 
created using Microsoft languages into a single program. 
*Link very large programs (over | megabyte) using overlays. 
Library Manager 
¢Create, organize and maintain your object module libraries 
created with Microsoft languages. 
Microsoft EXE File Compression Utility 
(MS-DOS only) 
*A utility to pack EXE files for smaller size on disk and 
faster loading at execution time. 
Microsoft EXE File Header Utility (MS-DOS only) 
+A utility that allows you to display and modify the fields 
in EXE file headers. 


For the name of your nearest Microsoft 
dealer call (800) 426-9400. In Washington State 
and Alaska, (206) 828-8088. In Canada, call 
(800) 387-6616. 


Microsott 


The High Performance Software™ 


Microsoft, XENIX and MS-DOS are registered trademarks and 
The High Performance Software is a trademark of Microsoft Corporation. 
IBM is a registered trademark of International Business Machines Corporation. 
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suitable for the early phases of soft- 
ware development. 

In contrast to the HP 64340, the 
front end of Northwest Instrument 
Systems’ Softanalyst (Fig 3) looks 
nothing like that of a logic-state 
analyzer. Logic-state analyzers typ- 
ically have no more than four high- 
speed comparators (or word recog- 
nizers). These comparators look for 
a match between your prepro- 
grammed trigger event and the 
state of the system; they can’t wait 
for more than four events at one 
time. However, you’d need far more 
than four word recognizers to cover 
all the branches, accesses, and 
events you'd be concerned with 
when analyzing a large structured 
program. 

Softanalyst employs a 256-event- 
deep RAM array as an event recog- 
nizer. You can program the instru- 
ment to look for either 250 single 
events (such as the access of a varia- 
ble) or 125 pairs of events (such as 
the entry to and exit from a soft- 
ware module or subroutine), or you 
can program it to monitor 88 ad- 
dress ranges (to investigate, for in- 
stance, access to an array or other 
data structure). When the instru- 
ment sees a trigger event, it records 
not only the event, but also a time 
tag for that event. 


Real-time data reduction 


Fig 3 also shows a key feature of 
the Softanalyst’s architecture: the 
event recognizer’s output goes into 
a FIFO buffer; the output of the 
FIFO buffer goes to a TMS32010 
wP. Unlike analyzers that capture 
data until their capture memory is 
full and then reduce the data, the 
Softanalyst’s TMS32010 continually 
reduces and compresses incoming 
data. This continual reduction 
means that (as long as the FIFO 
buffer doesn’t overflow) the Soft- 
analyst can capture data over longer 
periods than its 1k-event capture 
memory might at first suggest. 

Unlike HP’s software analyzers, 
the Softanalyst isn’t integrated 
with the manufacturer’s compilers. 
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SOFTANALYST 


LINK TO IBM PC 


Fig 3—A TMS32010 digital signal-processing »P reduces and compresses data, thereby 
allowing the Northwest Instrument Systems’ Softanalyst to monitor long program runs 


without overrunning its captured-data buffer. 


At present, Northwest Instru- 
ment’s software analyzer accepts 
compilers’ symbol tables in Intel ob- 
ject-module format (OMF) and in 
Unix-defined common object-file 
format (COFF). Once you’ve down- 
loaded a symbol-table file to the 
software analyzer, you use a built-in 
windowing editor to select trigger 
events corresponding to lines of 
code, procedure entry and exit 
points, and data structures. Unfor- 


tunately, you'll have to repeat this 
downloading step each time you 
modify and recompile your pro- 
gram. 

Besides simply recording the exe- 
cution history of a module, the soft- 
ware analyzer can correlate the 
module’s execution to the state of a 
system variable or the value of 
passed parameters at the time the 
module executes. In addition to col- 
lecting data on program activity, 
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the software analyzer can let you 
see the range of values that your 
program’s variables assume during 
the program’s run. 








Measure variable’s range 


Softanalyst’s minimum acquisi- 
tion interval is 100 nsec, and its 
front end handles 24 address lines, 
16 data lines, and eight status lines. 
At the fastest acquisition rate, the 
time-tag counter overflows in ap- 
proximately four minutes; at the 
slowest rate, it runs for more than 
seven hours. The instrument works 
with predefined software con- 
structs, so it can’t trace dynamically 
defined variables. And because it 
sees only the pP’s activity, it can’t 
follow the activity of such indepen- 
dent hardware devices as memory- 
management circuits or satellite 
processors. 

The Softanalyst requires an IBM 
PC or PC/AT for control. Including 
a mainframe, pc boards, an IBM PC 
interface board, and IBM PC soft- 
ware, the system costs $9200. A 
required yP-specific interface pod 
costs an additional $765 for the 
68000 version and $1995 for the 
8086/186 versions. EDN 


_ For more information... 
For more information on the soft- 
ware analyzers described in this — 
article, circle the appropriate 
numbers on the Information Re- 
trieval Service card or contact 


the following manufacturers 
directly. 


Hewlett-Packard 
1501 Page Mill Rd 
Palo Alto, CA 943804 
Phone local office __ 
Circle No 744 | 


Northwest Instrument Systems Inc 
19545 NW Von Neumann Dr 

Bldg D-4 

Beaverton, OR 97006 

(503) 690-1300 

Circle No 745 


Article Interest Quotient 
(Circle One) 
High 503 Medium 504 Low 505 
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the only asynchronous dual-port CMOS static RAM family. | Static RAMS. 

RAMs that simultaneously access a | 
common memory from both ports. a 

Memory control made easy. On xe oS SS wee a Leading the CMOS Future 
chip arbitration logic resolves conflicts a14 Dee P—] o £ 
when the addresses match and CE, << oer 5 : Integrated 
and CE, occur simultaneously. a4 OTs S — 

Mailbox. An interrupt flag on os 5 we dt. Device Technology 
the IDT7130 provides a simple way a —_ 5-2 = = poe er raw aS 
to pass “ready” information between ‘ue Ger = a Static RAM Division 
eistarnedoee moe Ss 3236 Scott Boulevard 

Availability. The 1017130/7132 ase Ss Santa Clara, CA 95054-3090 
are available now in a 48-pin DIP or xs oN Ss oes (408) 727-6116 
a 48-pin leadless chip carrier. =) SS TWX 910-338-2070 
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’ Now you can have it both ways. This unique combination of speed 
Fast. Cool. and output drive with low power is 245 Now 
achieved with our advanced, stepper 645 Now 
Our new for Gee mn ne aligned, dry etched CEMOS™ II process. 640 Now 
the memory interface elements o Interfacing. Our FCT and AHCT 
54F/74F (FAST) series. Our new AHCT parts are specified on the inputs and 138 Now 
family replaces these same devices in outputs to interface with either TTL or 139 Now 
the ALS series. Both provide the speed | CMOs devices. You don't need to buy Comparat 
| and output drive of bipolar—but do so one part for CMOS and a different part 521 Now 
| ses breceyier ve power ore Cowes for TTL. Here are the specs: Carry look ahead 
| less heat, long ? C Inputs. 5A max input current levels 
BE tee cus omater canshcapecl are substantially lower than bipolar. 182 Now 
still have high speed and output drive See re Anz uGk Military. Tested to MIL-STD-883C, 
in 20-pin LCCs (decoders are 16-pin). Mil FCT = 32-48mA Class B, Methods 5004 and 5005. 
Also in JEDEG standard 20-pin DP. Com’ AHCT = 24mA iecadneit > 
| MNT enh Call today for our catalog on CEMOS I!" 
} 10784/74 FCT Subsystems, Memory Interface Logic, 
and AHCT Introduction Digital Signal Processing Circuits 
| Registers (multipliers, MACs and FIFOs), and 
a ena Static RAMS. 
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process. 


And we improved the speed of every- 
thing we make. Including every CEMOS 
Static RAM, Subsystem, Digital Signal 












































Last year we ran only six ads...but intro- 
| duced 62 new high-speed CEMOS™ 
| products. Products at the very forefront 
of CMOS technology. Faster. Larger. And 
packed with advanced new features. 

As always, we continued to sharpen 
| our technology. Reducing geometries 
to a 1.2 micron CEMOS IIC production 


Processing Circuit, Memory Support 
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The company that set the stan- 
dard in fast CMOS static RAMs 
continues to raise it. 


For over four years we have set the stan- 
dard, shipping volumes of the world’s 
fastest 16K CMOS static RAM family. 
Now we're raising the standard again, 
making our 16Ks even faster by pro- 
ducing them in our second generation 
1.2 CEMOS™IIC process. 

And we already deliver three of the 
world's fastest 64Ks. With more 64Ks, 
denser processes and even faster 
speeds coming soon. All are available 


as commercial and industrial products. — 


Military product is tested to MiL-STD- 
883C, Class B, Methods 5004 and 5005, 


Consider these important features. 
Besides speed and breadth of product 
line, our leadership is based on creative 
engineering, providing features fike 

O separate |/Os on x4 products 

O extra memory controls on 16Kx4s 

(CO dual port RAMs D high density 
packaging CO an ultra-low power data 
retention mode from a 2V battery on all 
tow power devices L] our advanced 
dual-well process providing built-in 
immunity to alpha particle induced sof® 
errors (without organic polyimide die 
coating). 


SMOS isa raciemark of integrated Oevite Tectniciogy m= 
‘ST 9 @ tracemark of Farce Camera and instnzment Comer 











Our Static RAM fa_nily A commitment to greatly increasing 
the availability of our product. 
—_= = We've also dramatically expanded 
i manufacturing capacity with a new 

= “ es oa 100,000 square foot facility containing 
= @ 25,000 square foot, Class 1 fab area. 
1 oe Bes -_ With volume production starting this 
mis cle a — quarter, you can expect this state-of- 
hae ome Ses - the-art production facility to greatly 
at om Se - expand availability of both commercial 
oe Ses sows and military product from IDT. 
a 
— aa Abe fin introducing sure ways to improve 

<< oe Kes - your designs. 

=< ocee Se = Using our proven technology, we con- 
“xt onue Ee -_ tinue to introduce innovative products 
“st ore Ses = such as: CD the world's largest FIFO 
peed on os = D the fastest family of DSP products 
a BD the only family of CMOS logic ele- 

<8 Ox — on ments equivalent to FAST™ C) both one 
Mt oom “rs megabit and 256K Static RAM Modules. 

sae = | May we be of assistance? Call us if you 

~ : j 
= —e = = = | require applications assistance or send 
os ae 

ne aes eral for our brochure on CEMOS products. 

eet bot cose 
Leading the CMOS Future 
A commitment to peng De nacer : 


a = : 
Weteve been. arencmancull ¢, 


continue io be he leader in speed: ‘Technology 
Cor CMOS EC 1 2p process the Ss dt Device Technology 


cumentspeedicedecandelQem4°"-- Static RAM Division 
weesion of cor CEMOS # tectnoiogy, 
que os nex year wil martar Tat 3236 Scott Boulevard 
jeadersnic Santa Clara, CA 95054-3090. 
= (408) 727-6116 © 
TWX 910-338-2070 


Logic, and MICROSLICE™ bit-slice 
microprocessor product. 


All of which are now available 
nationwide from Hamilton/Avnet 


and Diplomat. 
Not a bad year’s work! 


May we be of assistance? 


For more information on the CMOS 
products that are shaping the course 
of future systems, cal! IDT. We're the 
innovators in high-speed CMOS. Last 
year. This year. And into the future. 


CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. 
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New 39C00 family! 


Replace 2901Cs, 2910As with 
high-performance CMOS 


Introducing drop-in replace- 
ments for the 2901C 4-bit 
microprocessor slice and 
2910A 12-bit sequencer. 


Same speed and output drive 
at CMOS power levels. 
You now have a choice—bipolar 2900 or 
IDT's new 39C00 MICROSLICE™ family 
using the same instruction set as the 
fastest 2900 bipolar devices. 

Use the IDT39CO1C 4-bit micro- 
processor slice to replace the 2901C with a 
same-speed, equal-output drive, CMOS 


cool, pin-compatible and functionally 
equivalent device. 

Use the pin-compatible IDT39C10B 
12-bit sequencer to replace the 2910A 
and gain the performance and flexibility 
of a 33-deep stack. 

Our advanced CEMOS™ Il 1.2um 
technology makes possible this unique 
combination of high-performance and 
low-power. 

Availability, Both commercial and 
military product from stock packaged as 
44-pin LCCs and 40-pin DiPs. 


(-55°C to +125°C, Voc = 5.5¥) 


New 49C000 family! 


Innovative bit-slice 
architectures 


The world's biggest 2910A. 


Extending the features of bit-slice 
to make possible more advanced 
designs, Providing architectural 
advancements and higher levels of 
integration. 


Think of the IDT49C-410 16-bit 
sequencer as an expanded version 

of the 2910A. The IDT49C410 brings 
about an immediate improvement in 
your overall system performance by pro- 
viding a 16-bit address path--addressing 
64K of microcode—plus a 33-deep stack 
and a 16-bit loop counter. Using the same 
microcode instruction set and operation 
codes you run on the 2910A. 


military. 












HH» 60% REDUCTION 


The new force in bit-slice micro- 
eas woraeceio processor products. 
16 bea ascend You know us as the leaders in high- 


speed CMOS. You know we deliver 


i a product that does everything we 
say and more. Now look for an entire 
ees ae nerece family of CEMOS MICROSLICE, 


including IDT39C00 drop-in CEMOS 


replacements for the most popular 
bit-slice parts, And IDT49C000 
products with increased levels of 

t Se integration, new features and archi- 
had tectural innovations only achievable 
with IOT's CEMOS II 1.2um process. 


IDT is creating the second generation 
of bit-slice microprocessor products, 


Availability. Commercial and mili- 
tary product from stock, 

50% reduction in board space. 
Upgrades are easy with our pin com- 
patible DiPs. Drop in the standard 
600 mil 48-pin or cut board 

space in half with the space 
saving 400 mil wide DIP 
with 70 mil pin centers. Our 
48-pin LCC provides even 
greater density. 


May we be of assistance? Call us 
if you require applications assistance or 


CEMOS products. 


Leading the CMOS Future 


“Integrated 





IN BOARD AREA 3236 Scott Boulevard 


Santa Clara, CA 95054-3090 
(408) 727-6116 
TWX 910-338-2070 


CEMOS and MICROSLICE aré trademarks of integrated 
Device Technology, Inc 





Leading the CMOS Future 


Integrated 
Device Technology 


3236 Scott Blvd. 





Santa Clara, CA 95054-3090 
(408) 727-6116 
TWX 910-338-2070 
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The dark side. 

When you finally execute 
your code on a target micro- 
computer system, you're often 
left completely in the dark. 

Which procedure is calling 
which? Which modules are 
consuming the most CPU time? 
Is the stack overflowing? Are 
interrupts serviced fast enough? 
Is all the code being tested’ 


The bright side. 

A new class of measurement 
tool, the SoftAnalyst from 
Northwest Instrument Systems, 
gives you the first complete 
solution to real-time analysis 
of high-level programs. lis a 
non-intrusive, non-statistical 
system that works with high 
level languages (e.g. C, Pascal, 
PL/M and FORTRAN) and 
assembly. 


High-level trace of 
program and data flow. 

The SoftAnalyst’s Sym- 
Trace™ gives you real-time 
trace capability at the module 
and procedure level, where it's 
easiest to spot bugs. 

See your program as it 
executes. Discover the actual 
sequence of procedure calls. 
Find out how much time is 
taken to execute a series of 
procedures. Watch variable 
values change. 

SymTrace shows you all this 
and more. 


Circle no. 12 for literature 
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SOFTANALYST 
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Performance analysis 
pinpoints execution boitle- 
necks. 

Performance analysis shows 
you where you'll get the best 
results for your optimization 
efforts. 

Track down modules and 
procedures that are heavy 
CPU users. Determine if a 
orocedure’s execution time is 
due to its code, or to the code 
of its sub-procedures. See the 
frequency of interrupts. 

And that’s just the start. 
With the SoftAnalyst you can 
zero in on the behavior of a 
specific procedure to get a 
distribution of its execution 
times or to see which routine 
calls it most frequently. 


Now, test your program’s 
tests. 

For the first time, you can 
know how thoroughly your test 
cases have covered your 
program. Use CodeMap™ to 
determine if your program has 
read or written to all array 
elements. You can even use 
CodeMap to see how deep 
your stack goes. 


ROM 
TRUMENT 








Choose your own 
software development 
environment. 

The SoftAnalyst is 
compatible with a wide 
spectrum of languages and 
development environments. It 
supports multiple micro- 
processors. So you can use it 
now and in the future, as your 
design environment changes. 


Make sure your software 
sees the light. Call us 
today. 

For technical literature, 
applications assistance, or a 
demo on what the SoftAnalyst 
can do for you, contact us! 





NORTHWEST INSTRUMENT SYSTEMS, EUROPE 
Am Eichenhag 12 

8160 Miesbach 

West Germany 

Phone (49) 8025-3260 

Telex 526938 


Circle no. 13 for demonstration 
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SPRA( UE Sprague has led the way in power interface since 1970. After originating its line of 
Power ICs (PICs), Sprague has increased emphasis on circuits for stepper, servo, and 
brushless d-c motors. Output drive capabilities have been extended to 
PICs K KCK AS +4 A per channel and to sustaining voltages exceeding 60 V. Motor 
driver types include half-bridge, full-bridge, dual full- 
MOTOR MUS¢ ' f bridge, three-phase, translator/driver, and power driver 
@ sink or source arrays. All devices include diode transient 


protection. Many feature current limiting (PWM), thermal shutdown, over-voltage and/or short-circuit protection. Sprague 
Electric Company, a Penn Central unit, World Hdatrs., Lexington, MA. For Brochure WR-202, 

write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, 

MA 02048-9102. For applications assistance, call Mark Heisig or Tom Truax at (617) 853-5000. 
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ISSCC ’86 s 


peakers predict future 


developments in solid-state technology 


Robert H Cushman, 
Special Features Editor 


Designers who want authoritative 
forecasts of future trends in solid- 
state technology won’t want to miss 
this year’s International Solid State 
Circuits Conference (ISSCC), which 
will take place in Anaheim, CA (see 
box, “ISSCC registration details’). 
The conference will provide a forum 
for industry experts to speculate 
about technological developments 
that you can expect to see in the near 
future. 

For example, the informal panel 
discussion ‘‘Microprocessors in the 
year 2001” will bring together such 
experts as John Slager of Intel (Santa 
Clara, CA), who heads the logic- 
design group for his company’s 
80386 (which is now engendering the 
80486), and Frederico Faggin, who 
participated in such key historical 
projects as the initial 4040, 8008, and 
8080 wPs at Intel, and then went on 
to create the Z80 at Zilog (Camp- 
bell, CA). 

Slager, the panel organizer, be- 
lieves that although current wP fami- 
lies such as the 80386 and 80486 will 
continue to develop, a radically new 
approach to microprocessors will 
emerge between now and 2001. He 
predicts that this new approach will 
make programming so easy that the 
industry will abandon established, 
software-entrenched P families like 
the 8086/80386. 

Faggin agrees, saying that it’s un- 


gence in these systems, and Faggin 
predicts that these systems will begin 
to emulate the human brain. 
Speakers and panelists at the con- 
ference will describe at least two 
relatively new types of wP architec- 
tures: the reduced-instruction-set 
computer (RISC) and the massively 


parallel architecture. This year, a 


number of actual examples of these 
architectures are appearing; they’re 
no longer simply industrial and aca- 
demic research projects. 

According to Randy Katz, orga- 
nizer and moderator of the Thursday 
evening panel discussion “Reduced 
instruction set computers: A new 
microprocessor era,”’ serious debate 
over the merits of RISC vs CISC 
(complex-instruction-set computers) 


must take place, because a number 
of real RISC machines now exist. He 
cites the IBM 801 ROMP, HP’s 
Spectrum, the MIPS from MIPS Inc, 
Inmos’s Transputer, and the Fair- 
child Clipper as examples of real 
RISC machines. Panelists at this dis- 
cussion will include both advocates 
and critics of RISC machines. 

The other new architecture that 
ISSCC participants will consider, the 
massively parallel architecture, will 
provide a way to achieve higher wP 
performance: A massively parallel 
machine need not be especially fast 
to achieve high computation rates. 
The paper ‘“‘A dynamically reconfig- 
urable processor array chip ” (session 
18) suggests one practical way to 
achieve such an architecture. As one 





The personal workstation of the future will be so user friendly that the human operator won't 
need a keyboard, say panelists at the ISSCC ’86 informal discussion session “Microproces- 
sors in 2001.” The user will simply speak to the computer, which will interpret the commands 
via artificial-intelligence software. The personal workstation will provide as much power as 
mainframe computers currently do. In addition, the workstation’s massively parallel array 
processor and cryogenically cooled accelerators will let it execute artificial intelligence 
software in real time. The ISDN telephone will have features like user-selected routing, 
including broadcast, and optional encryption. The system would give the user economical, 
effortless access to vast amounts of information, both locally (through devices like CD-ROMs) 
and globally (through the ISDN). 


likely that present »P families like 
the Z80, 8086, and 68000 will face 
much competition before 2001. Both 
Slager and Faggin are convinced that 
ease of use will be as important in 
new computer systems as raw per- 
formance is. Slager expects to see 
implementations of artificial intelli- 
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of the authors, Steven G Morton of 
ITT, explains, you use the reconfig- 
urability of the processor array to 
select good 1-bit slice processors on 
very large (500600-mil) chips. De- 
spite the chip size, Morton claims, 
you obtain acceptable yields (25%), 
because you put down more 1-bit- 
wide ALU slices on the die than you 
need; that is, where you need 
16 bit-wide ALU slices, you put 
down 20. 

At run time, the software selects 
16 good ALU slices; any remaining 
good slices are reserves. The 16 
slices make up a 16-bit-wide ALU. 
To make the massively parallel ar- 
rays, you wire large numbers of these 
16-bit-wide chips into networks of 
rows and columns. 

In a typical application, one pro- 
gram-control unit would send the 
same instruction to all the chips, 
which would then execute the in- 
struction simultaneously. For algo- 
rithms that can be paralleled, the 
computation rate would increase ac- 
cordingly. According to Morton, 200 
of these chips could achieve a speed 
of 2 billion instructions per second 
(BIPS), despite the modest 10- to 
12-MHz clock rates. 


Cooled CMOS 


A more direct way of obtaining 
increased performance for all CMOS 
architectures is to cool them 
cryogenically to very low tempera- 
tures (—196°C), as panelists at the 
Thursday evening discussion “Liq- 
uid-nitrogen-cooled CMOS”? will 
suggest. According to one of the 
panelists, ETA Systems (St Paul, 
MN) will introduce a cooled-CMOS 
computer in 1986. This machine is a 
supercomputer that runs at 5M flops 
when cooled by air and 10M flops 
when cooled by liquid nitrogen. The 
machine uses semicustom CMOS cir- 
cuits. Only the multiple CPUs are 
cooled. _ 

The cooled-CMOS technique does 
involve some tradeoffs, however. 
Although it makes circuits faster by 
decreasing some of the resistivities, 
the technique may cause some cir- 
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cuits to lose speed when hot elec- 
trons become trapped in the oxide 
and shift the device thresholds. In 
addition, the cooled-CMOS. tech- 
nique will be less useful in devices 
with smaller geometries. 


Future workstations 


A topic of concern to engineers as 
well as to their employers—the fu- 
ture of the engineering workstation 
—will be the subject of the keynote 
address in session 5. In his speech, 
‘Computer-based design for tomor- 
row’s super chip,” James Solomon of 
SDA Systems (Santa Clara, CA) will 
predict that by 1990, the workstation 
will be the accepted approach to 
electronic engineering. By that year, 
engineers will find at least $20,000 
worth of computing power on their 
desks when they report to work, 
Solomon contends. Each engineer 
will share other equipment (worth 
$10,000 per engineer) over a local- 
area network, he predicts. 

In his address, Solomon will also 
touch upon CAE software. He be- 
lieves that these CAE tools will be so 
advanced in the next five years that 
even engineers fresh out of school 
will be able to tackle the ULSI (ul- 
tra-large-scale integration) chips of 
1990. The CAE tools will not only 
make available large libraries of IC 
building blocks (such as PLAs, 
ROMs, RAMs, and data paths)— 
and have block compilers and 
macrocell place-and-route tools for 
assembling these building blocks— 
but they’ll also have expert-system 
overlays, which will guide engineers 
through the complex design steps, 
helping them avoid known pitfalls. 

Solomon will also predict a new 
division of labor between the IC ex- 
perts at the semiconductor houses 
and OEM engineers. Semiconductor 
experts, he says, will provide the 
basic workstation tools and build up 
the libraries of IC building blocks, 
while OEM designers define the 
overall architecture of circuits on 
chips. 

Speakers in session 10 will offer an 
example of this structured-custom 


approach to CAE in the paper “A 
32-bit digital-signal processor for 
motor control.’ The paper, a joint 
project by J B Costello and J T 
Santos of SDA Systems with some 
authors from National Semiconduc- 
tor, will propose a universal 1-chip 
implementation of the electronic 
portion of dc-motor-position servos. 
The 28-pin, NMOS LM628/629 ac- 
cepts position commands from a host 
wP and generates the trapezoidal 
motion profile needed to accelerate 
the motor to the maximum allowed 
speed and then decelerate it so it 
stops in the desired position. The 
LM628’s internal, dedicated uP and 
firmware computes the motion pro- 
file and the servostability equaliza- 
tion in DSP fashion. To maintain the 
accuracy required for large and small 
position increments, the wpP has a 
16X16-bit multiplier and a 32-bit 
ALU. 

According to the National design- 
ers, the SDA workstation approach 
allowed them to size the computing 
and memory functions to the task, 
keeping chip size—and cost—down. 
The CAE tools also allowed the de- 
signers to develop special variations 
of the LM628/629 quickly. For exam- 
ple, the designers could incorporate 
the commutation electronics for a 
brushless, Hall-effect dc motor on 
the chip. 

A less costly implementation of 
CAE will be presented in the paper 
“Reconfigurable logic arrays”’ in ses- 
sion 18. This CAE implementation 
will allow engineers to do all design 
and device programming at their 
desks on an IBM PC. The software 
resides on four floppy disks; a board 
that plugs into one of the PC’s ex- 
pansion slots does the device pro- 
gramming. These user-alterable logic 
devices are becoming popular be- 
cause they suit both short production 
runs and breadboarding, thus spar- 
ing the designer the chore of wiring 
FTL: 

Another paper in the session, 
“CMOS erasable programmed logic 
with zero standby power,” will ex- 
plain how to keep chips turned off. 
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| The 1986 intemnadontl Solid State Girevits Conter 
_ ence will take place from February 18 to 21, 1986, 
at the Anaheim Hilton Towers Hotel, Anaheim, 
CA. Consult the schedule for the times and loca- 
tions of the technical sessions and informal discus- 
sions. You can register for the conference sessions 
on Tuesday from 4 to 8 PM or on Wednesday — 
through Friday from 8 A \M. to A PM at the hotel's 
second-floor segura 







SESSION T 
NONVOLATILE 
AND 
APPLICATION- 
SPECIFIC 

MEMORIES 












SESSION I! 
PROCESSORS’ 
COPROCES- 

SORS 


















TV | rv tweareR 


= 


TV THEATER 







SESSION | 
ANALOG 
TECHNIQUES 


9:00 AM 
11:45 AM 










12:00 PM | - 
1:30PM | 
LUNCH 















SESSION IV 
FORMAL OPENING 





_ SESSIONV ~~ 
‘KEYNOTE ADDRESS: 








TV THEATER 








SESSION VIII 
SIGNAL 
PROCESSING 


INFORMAL DISCUSSION ens 7 “ 


seat s 










SESSION Vil 
SESSION VI SEMICUSTOM 
OPTICAL LINKS ARRAYS 













SESSION IX 
SENSOR 
INTERFACE 






WEDNESDAY, FEBRUARY 19 



































WE 1 
DSP 
ARCHITECTURE 


WE 3 
4M- TO 16N-BIT 
DYNAMIC RAMs 


HIGH- 
PERFORMANCE 
aaebes oats 



















| SESSION x 
SPECIAL 
PURPOSE 












" SESSION xl L 
role SESSION XiIl_ 


—_ | VLSI MODELING | b — 
t | tin, |aNo PACKAGING | Co 













ANDO 
_|CONTROLLERS| _ 


_ SESSION XV 
: | HIGH-SPEED 
SESSION XIV | _ DIGITAL 
VOICEBAND | __ CIRCUITS 
TELECOMM ICs| — AND 
_ TECHNOLOGY 


o* 


5:15 PM AUTHOR . 
— 00 PM _INTERVIEWS = 





THURSDAY, FEBRUARY 20. 











NITROGEN 
CMOS 











| ASIC MEMORIES 






SESSION XVIII 
SESSION XVII RECON- 
ANALOG FIGURABLE 
PROCESSORS LOGIC ARRAYS 




















SESSION XIX 
DYNAMIC 
RAMs 


TV THEATER 
TV THEATER 


(ASTERISKS IN TV THEATER “—° INDICATE SESSIONS TO BE NETWORKED > FOR RTVIAUDIO, 









9:00 AM 
12:15 PM 







_ PRION, | 
FEBRUARY 21 





1 ut PM 






EDN February 6, 1986 19 








Qualidyne 
means 
Modular 
Design 
Flexibility 











ML Series 


Modular switching power 

supplies that provide custom 
configuration capability to 300 
Watts 









@ 115/230VAC-—100 to 300 Watts 
® 240r 48VDC—50 to 150 Watts 
© Up to 6 outputs 


® International Safety 
Standards 


@ No Main Channel Load 
required 









® Switching, Linear and 
Semi-regulated outputs 







© 75 KHZ switching frequency 






© Mosfet Technology 










For additional information on 
this or other Qualidyne 
products, please call or write: 






QUALIDYNE SYSTEMS, INC. 
3055 Del Sol Boulevard 

San Diego, California 92154 
619/575-1100 
TELEX: ESL227140 
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until an input transition is detected. 
Although the part the paper de- 
scribes is fabricated in CMOS, the 
programmable array itself is in 
NMOS (UV-EPROM) technology, 
and it has sense amplifiers, which 
also consume power. The paper will 
examine a method of keeping these 
power-consuming elements turned 
off except when logic transitions are 
detected at the inputs. 


The future ISDN 


Future computers and work- 
Stations may well be linked to the 
rest of the electronic world via the 
integrated services digital network 
(ISDN). This proposed system 
would effect a complete end-to-end 
digitization of the world’s telephone 
network, as panelists in Thursday 
evening’s discussion ‘ISDN: The fu- 
ture for telecomm VLSI’ will ex- 
plain. 

However, according to moderator 
Michael Foster of Mitel Corp 
(Kanata, Ontario, Canada), a few 
problems are delaying the implemen- 
tation of the ISDN at present. First, 
in order to be a cost-effective re- 
placement for the present analog 
channels, the ISDN will require sin- 
gle-chip (or few-chip) VLSI circuits. 
IC manufacturers, however, are hes- 
itant to design these complex ICs 
until the various ISDN standard 
committees agree upon all the ISDN 
standards. At present, the North 
American standards committees are 
trying to balance sophistication and 
economy in the coding of the signals 
that go on the 2-wire U link between 
a telephone company’s central sta- 
tion and a subscriber’s line. 

Despite the problems with ISDN 
standards, Foster says, progress with 
the network is being made. A num- 
ber of telephone companies are 
working with various suppliers to set 
up ISDN trials. In addition, a num- 
ber of PBX makers are already intro- 
ducing ISDN concepts in their own 
equipment, for which they set the 
standards. 

The potential of the ISDN market, 
for both semiconductor manufactur- 


ers and OEMs, will be very great, 
says panelist Thomas Ladshaw of 
Lear Siegler (Anaheim, CA). 
“There are over 100 million phones 
out there in the US alone, and if just 
a small percentage of those convert 
initially to ISDN—say, just the busi- 
ness users—it’s still an extremely big 
market,’’ Ladshaw says. 

Foster and Ladshaw agree that 
when the problems with defining the 
ISDN standards are resolved, tele- 
phone companies will make steady 
progress in converting the existing 
telephone networks to ISDN. For 
one thing, the companies won’t have 
to install any new copper wires: 
ISDN can use the existing 2-wire 
loops that go to all phones. And 
then, the telephone companies will 
be able to convert their networks to 
ISDN gradually. They can start by 
setting up a few ISDN racks in their 
central stations and connecting only 
those users who want ISDN services. 

Further, Foster says, although the 
average homeowner might not need 
to have two 64k-bps ISDN voice and 
data channels coming into his or her 
home, third parties that could bene- 
fit from such channels might under- 
write some of the cost. Utility com- 
panies, for instance, could save 
money by reading meters over 
ISDN’s D control channel. The D 
channel could also provide a home- 
Owner with communication links to 
firefighters and police. 

These informal discussion sessions 
—along with the technical sessions 
on such topics as analog techniques, 
nonvolatile and application-specific 
memories, semicustom arrays, DSP 
architecture, data acquisition, image 
processing, high-speed digital cir- 
cuits, high-performance static 
RAMs, and dynamic RAMs—will 
inform attendees of ISSCC ’86 about 
recent innovations in technological 
research and give them a foretaste of 
future developments. EDN 
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Open one wp. 
And feel your pulse 


accelerate. 50,000 logic gates 
- onasingle chip. Room enough 


to implement large macro- — 
unctions and build a an entire 
digital system. © 
. All with our new 
LCA 10000 Com- 
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gate array and a cell- 
based custom i 
Tn practice, S 


a it’ s a flat-out acc 


- eration of our ASIC - 


| advanced 1 5. ‘ 


dvanced, with up to 256 YO 


Youll get there fast, too, 

using our proprietary LDS” 
Design System. Working at any 
of our 12 v worldwide design : 
centers. | 






And you'll get there oes 


Than! s to our proven 97% — 


rst-time hit rate. 

— With ee 
g in our facilities. 
best equipped 
e country. Geared — 


eed. From hundreds. 
oO of hundreds of thou- — 


pacted Array Seriesisa 








What do IBM, 
Oomputers nave 








COMPARATOR 


SHIFT PESISTER 


COHTROI 


FEUT EGS 
SUATERIIES 





*DEC, VAX, VMS and MicroVax are trademarks of Digital Equipment Corporation. UNIX is a trademark of AT&T Bell Laboratories. IBM isa trademark of International Business Machines. TekStation, 
Tektronixs enhanced version of the IBM AT personal computer and WorkSystem are trademarks of Tektronix, Inc. AEGIS is a trademark of Apollo Computer Corporation. 


Take the engineering computer of your _ 


choice. Add one fully integrated elec- 
tronic development system. That's 
Tektronix Aided Engineering. 

The Tektronix WorkSystem” design 


family is equally at home in the AEGIS* 


UNIX* or VMS* environment. So you 
get total development support—from © 


design capture and verification through |- 
test—on the enhanced IBM Personal _ 


Computer AT*; Digital Equipment Cor- 


poration’s VAX* computers, VAXstation - 


\* and MicroVAX II* workstations, and 
Apollo workstations. 

The WorkSystem family supports 
design, layout and simulation of stan- 
dard cells, gate arrays, structured 
custom and full custom circuits, even 
PC boards. There's even a WorkSystem 


for test and measurement, and another | 


for software development. 





Together, they make up the most 


| capable design tools you can have today. 
| regardless of your hard- 
| ware! Allfrom Tektronix. 


Every WorkSystem — 
shares ourunique — 
Designers Database 
that lets you partition 


neering a 


_ reality. The 


open architec- 


| turedesign ofthe , 


database also . 

allows you to #4 
interface - = 
your existing tools to our 


_WorkSystems. So your , 
_prior investments in 


hardware and softwar 
are protected. . 
For all their power, Tektronix Work- 


| System solutions are surprisingly easy 


to learn, and easy to use. They're backed 


by the kind of service and support 
programs that you've come to expect 
oe — from Tektronix. 
lf you have an IBM 
Al, Apollo, DEC Micro- 
VAX Il, VAXstation Il, VAX 
f 11/7/50, 11/780 or 


turn itinto a Tek- 
_tonxAided | 
_ Engineering 
— tool, right 
now. Or, if 
you havent 
selected 
your 
CAE tools 
yet, let us provide you 
with a complete system, 
built around the com- 
puter that’s best for all 
your needs. 

Call us at 800/54 7-1512 (in Oregon, 
800/542-1877). Or write Tektronix, 
CAE Systems Division, 5302 Betsy 
Ross Drive, Santa Clara, CA 95054. 








from two new mass storage 
solutions from Bering Industries. 
The Series 8000-EP and TopSecret 
Removable Hard Disk Subsys- 
tems. Designed for HP computers 
using CS/80 and SS/80 command 
sets, like HP1000, HP3000, and 
HP9000 Series 200/300/500 
systems. 


Enhanced Performance 
8000-EP 


Bering’s Series 8000-EP 
enhanced performance hard disk 
subsystems offer an alternative 
HP mass storage solution. From 
6SMB to 190MB, the EPs are 
worth a close look. 

Cost Savings. At $60 per MB, 
EPs are price/performance 
leaders. Savings can be up to 
45% the cost of a comparable HP 
drive. And Bering’s standard 
one-year warranty applies to all 
EP models. 

Capability. Designed for HP 
users critical performance needs 
in real-time and multi-user envi- 
ronments, the EPs are the best 
choice. An advanced disk control- 
ler and fast head seek mechanism 
match average transfer rates of 
HP7912/7914 drives. 

Compatibility with HP-IB. The 
EPs are designed for any HP 
computer using CS/80 and SS/80 
command sets. Compatibility is 
guaranteed. No hardware or 
software changes are needed for 
installation. 
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Bering Series 8000-EPs 
and TopSecret Re- 
movable Hard Disk 
Subsystems are 
HP-IB compatible an 
designed for any HP 
computer using CS/80 
and SS/80 command sets. 


Compact. EPs save prime office 
or lab real estate. At one-third 
the size of an HP7912/7914, EPs 
are compact and ideal for stack- 
ing or rack mounting. 


Topsecret Removables 

Data Security. Securing classi- 
fied data is easy with 5.25" Top- 
Secret removable hard disks. 
Sensitive information can be 
locked away in a safe, 1OMB at a 
time. Personal data storage and 
selective file back-up is conven- 
ient and fast. 

Unlimited Storage. With a 
TopSecret, storage is virtually 
unlimited simply by inserting 
another cartridge. No need to buy 
another drive to increase capa- 
city. A two-sided built-in 3.5” 
floppy is optional. 
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Bering has set the pace for 
innovative mass storage solutions 
in the HP world since 1981. Bering 
is an Official HP Independent 
Hardware Vendor with authorized 
service and support by DATAGATE 
in the USA, and by DATATECH 
in Canada. For complete specifi- 
cations on the EPs, the TopSecret, 
and 100 other disk configura- 
tions, call or write us today! 


Note: HP, CS/80, SS/80, and HP-IB are tradenames of 
Hewlett-Packard Company. 


BERING 


Official Hewlett-Packard 
Independent Hardware Vendor 


Bering Industries, Inc. 
1400 Fulton Place 
Fremont, CA 94539 

Telex: 325606 


415/651-3300 
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PC/AT-compatible data-acquisition board 
has 12-bit analog I/O, 130-kHz throughput 


The DT2821 12-bit data-acquisition 
board, which plugs into a card slot 
in the IBM PC/AT and clones, per- 
forms conversions at rates as high 
as 130 kHz. This conversion rate 
represents a quantum leap over that 
of earlier cards, which provide 
50-kHz max throughput. Model 
DT2821-F-16SE accepts 16 single- 
ended inputs, and the DT2821-F- 
8DI has eight differential-input 
channels. 

The key to the speed of the sys- 
tem’s analog-to-digital conversion is 
the manufacturer’s DT5725 analog- 
input module (see “Modular analog- 
input and -output units provide high 
speed and resolution,” EDN, Au- 
gust 8, 1985, pg 97). This 150-kHz 
module contains the multiplexer, in- 
strumentation amplifier, track/hold 
amplifier, A/D converter, and con- 
trol logic needed to perform the 
DT2821’s data-acquisition function. 

You use a 2-bit code to program 
the instrumentation amplifier’s gain 
to 1, 2, 4, or 8. Input range is 
jumper selectable to +10V or 0 to 
10V; division by the selected gain 
value yields the effective input 
range. A 4-bit word selects the 
channel to convert. 


Unit has RAM channel/gain list 


A convenient feature in the 
DT2821 is a RAM channel/gain list. 
This block is a 16-location RAM that 
you can use to specify the sequence 
of channels and the gain at which 
the system will sample each chan- 
nel. When an A/D-conversion scan 
begins, the board sequences 
through the RAM, sampling each 
channel entry at the specified gain. 
The RAM allows you to predefine 
virtually any desired sampling se- 
quence: sequential sampling (0 to n 
or n to m channels, for example), 
random channel sampling (eg, chan- 
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Boasting the highest speed in the industry, the DT2821 data-acquisition board brings 
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Analog 
inputs 
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External Clock 
External 
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analog-I/O capabilities to the IBM PC/AT and clones. Its 130-kHz throughput rate stems from 
the manufacturer’s high-speed analog-input module. The unit accommodates 16 channels of 
data in the single-ended version and eight channels in the differential-input version. You can 
use the system in programmed-I/O or DMA mode. 


nels 0, 3, 2, 5), or successive sam- 
ples on a single channel at the same 
or different gain. 

In addition to the A/D converter, 
the DT2821 contains two indepen- 
dent 12-bit D/A converters. You can 
control the D/A section in either 
programmed-I/O or DMA mode. 
The A/D and D/A converters have 
sufficient differential linearity to 
guarantee no missing codes and 
monotonicity (respectively) over 0 
to 70°C. The D/A converters are 
low-glitch types: Glitch area is typi- 
cally 3 mV-psec. You use jumpers to 
select unipolar output ranges of 0 to 
5V or 0 to 10V; bipolar ranges are 
+2.5, +5, or +10V. 


Card has five interrupt levels 


The data-acquisition card accom- 
modates interrupts to the PC/AT’s 
processor upon the completion of 
significant events. The board’s in- 
terrupt source, selected under pro- 


gram control, includes A/D done 
(programmed I/O transfers); A/D 
DMA done (DMA transfers); A/D 
scan done; A/D error; D/A ready 
(programmed I/O transfers); D/A 
DMA done; and D/A error. The 
DT2821 can interrupt the processor 
on any of five levels (from highest to 
lowest): 10, 15, 8, 5, or 7. You use a 
jumper to select the interrupt level. 

Continuous-performance DMA 
operation allows the DT2821 to per- 
form gap-free DMA transfers of 
large amounts of data. Data is 
transferred through a pair of buf- 
fers, each associated with a separate 
DMA channel. The transfers re- 
quire both buffers: Upon reaching 
the end of the first buffer, the sys- 
tem shifts automatically to the sec- 
ond buffer without pausing or miss- 
ing any samples. 

You can use the onboard pacer 
clock to initiate A/D, D/A, or con- 
current A/D and D/A conversions. 
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AC POWER 
...FOR EVERY APPLICATION 











From computer controlled AC Power Sources for test labs through back-up power in 
the computer room, Behiman Engineering covers the entire spectrum of AC power 


requirements. 


INSTRUMENT QUALITY AC POWER 
SOURCES 


Behlman Engineering’s instrument quality 
AC power sources greatly enhance your 
testing capabilities and effectiveness for 
complex computer controlled, or simple 
manual tests. These efficient linear 
sources are widely used in ATE systems, 
laboratories, production lines, test 
facilities, quality control and many other 
applications. 


¢ Manual or computer control 

45 Hz to 10,000 Hz 

100 VA to 54 KVA power ratings 

1, 2, and 3 phase outputs 

Up to 300% overload transient 
capability 

Measurements of outputs independent 
of programmed values, including 
diagnostics. 

IEEE-488 (Talker/Listener) interface 
Smaller, lighter — saves rack space 
ATE applications 

Military test systems including MATE 
and CASS 

Avionics testing 

DC power supply testing 


|» ] BEHLMAN 
=~ Engineering 


Electronic Energy Conversion Sources & Systems 





UNINTERRUPTIBLE POWER 
SYSTEMS 


Behlman UPS’ continuously guard against 
power failure while also protecting 
sensitive electronic equipment from line 
anomalies. The range of applications 
spans from the office to advanced space 
and military programs. The Behlman UPS 
series provides the finest in AC power for 
sensitive applications such as: Tempest 
systems, instrumentation, security, 
communications, Automatic Test 
Equipment and computer systems. 


Low EMI/RFI 

¢ Input and output transformer isolation 
Purest sine wave power available 

¢ 100 VA to 20 KVA, 1 and 3 phase 

Up to 300% transient overload 
Capability 

- High noise rejection/suppression 

« Rugged design and high reliability 
Low distortion, under 1.0% 


Call or write today for more detailed 
information. 


(805) 684-8311 


1142 Mark Avenue 
Carpinteria, CA 93013 


for more AC Power information circle no. 11 


UPDATE 


The clock comprises three elements: 
a 6-MHz pulse generator, a clock 
prescaler that serves as a program- 
mable divider, and a counter divi- 
sor. You can set the prescaler in 
powers of 2 from 0 to 31. The count- 
er divisor is an 8-bit programmable 
counter that divides the prescaler’s 
output by a number from 1 to 256. 

ATLAB, a real-time software 
package from the DT2821’s maker, 
accommodates Call commands from 
Fortran, C, and Pascal. The soft- 
ware provides library routines for 
control of all the system’s analog- 
and digital-I/O functions. An error- 
processing system checks for argu- 
ment errors and generates error 
reports. The system reports—and 
refuses to obey—attempts to oper- 
ate the board in illegal modes of 
operation. 

Several screw-terminal and sig- 
nal-conditioning panels are available 
from the manufacturer. The 130- 
kHz DT2821 costs $1595, and 
ATLAB is priced at $449. A 50-kHz 
version of the DT2821 has all the 
features of the higher-speed units 
and costs $1195.—Bill Travis 

Data Translation Inc, 100 Locke 
Dr, Marlboro, MA 01752. Phone 
(617) 481-3700. 
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ET A PRICE BREAK ON THE GRAPHIC 
DISPLAY CONTROLLER AND A PERFORMANCE 
EDGE WITH THE DUAL-PORT VIDEO RAM. 


Introducing the first integrated graphics 
processing team: NEC’s dual-port video RAM and 
graphic display controller. Together they break 
through the screen-memory-CPU bottleneck. And 


give you better graphics at a bargain price. 


Two Ports are better than One 

Our 256K dual-port RAM uses up to 95% 
of the RAM port bandwidth. Versus 30% with 
standard RAMs. You can drive the RAM port 
continuously while video data exits asynchro- 
nously through the serial port. Two ports open 
two big benefits: greater throughput and higher 


speed. 


Four-to-One Price Advantage 

Maximize that performance edge with our 
7220A high-speed GDC, the industry standard. At 
one-fourth the cost of the competition, the 7220A 
meshes smoothly with the video RAM. You can 
spend more. But you can’t buy a better team. 


NEC’s graphics processing team does more 
than lower chip count, increase drawing speed, 


boost memory efficiency, and simplify design. It 
also gives you the most cost-effective solution 


on the market. 
Graphics Processing Team 


Dual Port Video RAM puPD41264 
Graphic Display Controller pPD7220A 














Call Toll Free 
To get the full picture, call NEC today at 
1-800-632-3531. In California: 1-800-632-3532. 


For technical information, pricing, or delivery, 
ask for the number of your local NEC office or 


distributor. 


©Copyright 1985 by NEC Electronics Inc. 


WE'RE TAKING ON THE FUTURE 





401 Ellis Street 
P.O. Box 7241 
Mountain View, CA 94039 


CIRCLE NO 62 


PRODUCT UPDATE 








Wireless modem and portable computer 
provide secure, encrypted network 


Using packet radio-transmission 
technology to eliminate the cables 
commonly associated with local-area 
networks (LANs), the Esteem 
Model 85 wireless modem and Quest 
wireless portable computer team up 
to create a mobile, encrypted LAN 
with a communication range as 
great as 50 miles. 

The Model 85 modem offers you 
00 channels and a 1k-byte data 
spooler, yet consumes only 1W. The 


device’s effective baud rate is 2817 


bps—a slow rate compared to those 
of cable-based LANs like Ethernet, 
which boast data rates of 9600 bps 
and greater. The 2817-bps rate is, 
however, much faster than the ubiq- 
uitous 800- and 1200-bps modems 
that operate via telephone lines. 
Furthermore, this radio modem 
eliminates the considerable expense 
of laying cables or wires. 

The Z80-based modem uses pack- 
et radio techniques to transmit 
rapid bursts of tightly grouped 
data. Prior to transmission, the 
modem compresses and encodes the 
data, via the High Level Data Link 
(HDLC) format, into compact fre- 
quency-modulated packets of 504 
bytes each. The modem then runs 
the HDLC format through a Man- 
chester coder and transmits the 
data. The receiving radio modem 
uses 16-bit error-correction algo- 
rithms to screen the incoming pack- 
ets for bad data. If it detects an 
error, the receiving unit sends a 
retransmission signal to the sending 
unit, and the sequence begins again. 

Each modem has a unique ad- 
dress, and each provides network 
management for as many as 254 
terminals. DIP switches on the 
Model 85’s back panel allow you to 
set the baud rate and radio frequen- 
cy. You can adjust the baud rate to 
allow the modem to communicate 
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You can develop a LAN without telephone 
connections or costly cabling by using the 
wireless Model 85 modem. You can rear- 
range the communications network just by 
moving your RS-232C-compatible equipment 
to a new location. 





with other devices via an RS-232C 
port at 19k bps in full-duplex mode. 
You can also select a radio communi- 
cation frequency between 72.04 and 
72.96 MHz at 40-kHz intervals. 
The Model 85 offers an impressive 
level of data security. Each modem 
transmits on one of 50 frequencies 
and has one of 254 addresses, so 
each unit offers 12,700 possible fre- 
quency-address combinations. A 
person couldn’t eavesdrop on your 
data transmission simply by buying 
a radio modem and determining 
your particular frequency and ad- 
dress—the individual would still 
have to synchronize his system with 
the random bursts of data from your 


Suitable for mobile data communications, 


outlets, 





packet radio transmission. For even 
greater data security, you can order 
an encryption board that meets the 
National Bureau of Standards’ in- 
formation-processing data-encryp- 
tion standard No 46. 

The Quest radio computer is a 
logical companion to the Model 85 
modem. The 7-lb computer has a 
l-in. base that contains a battery 
pack and radio modem. It comes 
with 16k bytes of RAM that’s ex- 
pandable to 96k bytes, an 8-line x 40- 
character LCD, a full-size key- 
board, ROM-based text editing, 
Basic, a scheduler, and telecommu- 
nications software. 

Together, the modem and com- 
puter form a network that’s com- 
pletely free of the limitations of 
power cords and communication ¢a- 
bles. Further, the radio-based net- 
work lets you mix hardware from a 
variety of manufacturers without 
worrying about software incompati- 
bility. Model 85, $1200; Quest, 
$2295.—J D Mosley 

Electronic Systems Technology, 
1031 Kellogg St, Kennewick, WA 
99336. Phone (509) 735-9092. TLX 
152514. 
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the Quest portable computer needs no power 
telephone wires, or network cabling to establish a computer link with other 
equipment. 
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Thank You, Telecom Designers 
We just delivered our millionth SLIC... 





Thank you for making Harris the largest world-wide sup- 
plier of solid-state Subscriber Line Interface Circuits. 
You’ve discovered our Dielectric Isolation process is the 
perfect solution for high-voltage line interface problems. 
You’ve seen how DI offers you the performance, reliability, 
and space savings you need, all at lower cost and proven 
out by volume production. You’ve continued to look to 
Harris for the “solid-state of the art” in telecom designs — 
because while others talk SLICs, Harris delivers. 
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1,000,000 


Harris wrote the book on DI. For a free copy of our white 
paper on the advantages of Dielectric Isolation for 
telecom applications, write Harris/MHS 
Semiconductor Sales Ltd., Eskdale Road, 
Winnersh, Wokingham, Berks, RG11 5TR, 
England. 





Harris Semiconductor: Analog - Bipolar Digital — 
CMOS Digital - Gallium Arsenide - Semicustom - Custom - Hybrids 


Gt HARRIS 


or your information, our name is Harris. 
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18V linear/digital CMOS arrays implement 
automotive- and industrial-control circuits 


Series MH silicon-gate CMOS ar- 
rays operate with supply-voltage 
levels as high as 18V, suiting them 
for automotive- and industrial-con- 
trol applications. The center of each 
array contains transistors organized 
to implement digital gates. Around 
the periphery are larger transistors 
suitable for implementing output 
drivers and linear circuits. In addi- 
tion, digital cells by the output pads 
can implement I/O circuits or logic 
gates, increasing the capability of 
the array. 


I/O cells implement logic 


The series consists of eight arrays 
that vary in complexity from 70 to 
1600 equivalent 2-input gates and 18 
to 84 I/O pads (Table 1). An I/O cell 
at each pad contains diodes that 
protect against voltage extremes 
and an npn transistor that can sup- 
ply 10 mA. In addition, the I/O cells 
contain digital circuitry that can im- 
plement input, output, and bidirec- 
tional buffers. Peripheral circuitry 
not used for I/O can implement logic 
functions; for example, you can 
build four NAND gates or a D-type 
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Analog components surround digital gates 
on MH Series arrays. Built to operate with 
18V supply levels, the arrays are suitable for 
automotive- and industrial-control applica- 
tions. 


flip-flop in an I/O cell if the cell is 
serving as an input buffer. The pe- 
ripheral circuitry makes the logic 
complexity of the arrays higher 
than their listed number of equiva- 
lent gates. 

You can create analog circuits 
from the I/O circuitry as well. Al- 
though the vendor includes no ana- 





log cells in its function library, you 
can build such linear circuits as cur- 
rent mirrors, op amps, and D/A 
converters from the transistors on 
the periphery of the arrays. The 
vendor plans to develop and offer 
analog cells this year. 

The vendor currently supplies a 
library of digital macro functions 
(cells) for Mentor and FutureNet 
workstations for logic and circuit 
design. Alternatively, the company 
can supply you with its CAE soft- 
ware, or it can perform the design 
for you. The library contains 50 
functions that the company modeled 
after standard Series 4000 CMOS 
parts. Once you’ve settled on your 
logic design, the company performs 
all layout tasks and submits final 
performance estimates for your ap- 
proval. Turnaround time for proto- 
types, including layout, is six to 16 
weeks, depending on design com- 
plexity and on how much of the 
design the company performs. 


Many package types available 


The vendor packages the arrays 
in DIPs, small-outline packages, 
surface-mount carriers, chip carri- 
ers, and pin-grid arrays. Plastic and 
ceramic versions are available for 
many packages. The DIPs have pin 
counts as high as 48, and chip carri- 
ers and pin-grid arrays can supply 
as many as 84 pins. The manufactur- 
er can perform all processing, pack- 
aging, and screening in accordance 
with MIL-STD-888C requirements. 

Nonrecurring engineering (NRE) 
charges start at $5000, and unit 
prices start at $1 (for 10,000 MHA 
arrays in 14-pin plastic DIPs). 

—David Smith 

Ferranti Interdesign Inc, 1500 
Green Hills Rd, Scotts Valley, CA 
95066. Phone (408) 438-2900. 
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No “boomerang effect” 


at Irend Circuits. 


Less than 1% of our prototype 
boards ever come back. 


astturnaroundsin types don’t work. At Trend 
prototype circuit Circuits, we're specialists in 
boards are great—  rapidproduction of prototype 
but not when the boards boards that work first time 
circle back again andagain _ out. That's because we're 
because of poor quality. people who understand 
! your language, your objec- 

tives and your pressures. 

Further, fully one-third 
of our people are involved in Te oe 
inspection. We begin with Now for speed. On a regu- 
incoming artwork, where lar basis, we deliver dowble- 
we can quickly identify sided boards within 24 
common designerrors.And hours, and multi-layer 









Sees §=§©we continue with double- boards within five days. In 
That “boomerang effect” and triple-checking right fact, we're completing no less 
costs precious timein prov- through to completion. than 82% of all our work 


ing yourconceptsandcan  Asaresult, lessthanascant —_ within five days. 
end your chances to meet 1% ever come back. And 
critical market windows. that’s good for both of us. 


We deliver speed 

and quality. 
Speedy turnarounds don’t 

count for much if proto- 







set se 
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Check our references. 

You can verify our facts 
easily enough by talking to 
our customers. Simply phone 
and we'll put you in touch 
with people who've decided 
they won’t accept compro- 
mise in quickly moving from 
design to finished prototype. 
They'll tell you why we're 
their logical choice for “no- 
boomerang” boards. And why 
we should be yours. 


Cte GtCuhnS 
PROTOTYPE SPECIALISTS 
44358 Old Warm Springs Road 
Fremont, CA 94538-6148 


415/651-1150 
800/448-0550 (nationally) 
800/448-0440 (in California) 








SAVE BIG ON HEWLETT-PACKARD 


Lower Prices on 4 Hewlett-Packard | 
“Best Seller” Calculators 







Above Prices Effective 2/1/86 


SLIMLINE Shirtpocket Styled 
Power Packed Programmable 
LCD PROBLEM SOLVERS 
HP-11C Scientific........... $43 
HP-15C Scientific............ 75 

HP-12C Financial ............ 












Hewlett-Packard 
ele Nom ia" fo). avfelelt) a a 


$25 Mfr. Sugg. Ret $75 


Upgrades the HP41C to the 
power of the HP41CV 


MP-AIGK: Se 
Optical Wand ......... 95 | 
Card Reader......... 145 Wie 
bil BREE SS ere 283 h 
Quad R.A.M.(for HP41C) 60 
Ext. Memory Module ...60 § 
Ext. Function Module ..60 (iiguamm 
Time Module ......... === 


HEWLETT-PACKARD 
HP-71B COMPUTER 
















Seeeesesaa: | | 
S6eeseaaan 
Seeéesesaeg =. . 
S| sussueeiu | 


HP-82400A Series 70 card reader . . 125 
HP-82401A HP-IL interface ........ 95 
HP-82402A 4K memory module ... .60 
HP-82700A 8K memory module. . . . 150 
HP-82441A Assembly/Forth....... 120 
HP-82480A HP-71 math pac........ 75 
HP-82482A HP-71 finance pac...... 60 
HP-82483A Serveying Pac........ 120 
HP-82484A Curve Fitting.......... #5 
HP-82485A Text Editor............ 



















Mfr Sugg Elek-Tek 
HP-IL Loop Module 125 95 
Digital Cassette Drive 450 400 
Printer/Plotter(HP-IL) 450 335 
HP-2225B ThinkJet Printer 350 
HP-9114A Disk Drive 600 










CALL TOLL FREE 800-621-1269 
EXCEPT Illinois; Alaska 


CANADIAN TOLL FREE 800-458-9133 


Corp. Accts. Invited. Min. Ord. $15.00. Visa or MasterCard by Mail or 
Phone. Mail Cashier’s Check, Mon. Ord., Personal Check (2 wks. to clear) 
Add $4.00 1st item. (AK, HI, P.R., Canada add $10.00 first item) $1.00 ea. 
add'l shpg. & handl. Shipments to IL address add 7% tax. Prices subj. to 
change. WRITE for free catalog. RETURN POLICY: Defectives Only: 
Most products replaced within 30 days of purchase with identical mer- 
chandise only. Computer and large peripherals replaced only when 
defective on arrival (within 3 work days of delivery). Other problems 
covered by mfr. warranty. ALL ELEK-TEK MERCHANDISE IS BRAND 
NEW, FIRST QUALITY AND COMPLETE. Delivery subject to availability. 
DUNS #09-718-0517 


ELEK-T EK. inc. 


6557 N. Lincoln Ave., Chic IL 60645 


(312) 631-7800 (312) 677.7660 
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Motion-control subsystem 
is STD Bus compatible 


Model 450/451/452 2-card servo-I/O 
subsystem includes a general-pur- 
pose motion controller and a pulse- 
width-modulated (PWM) servo am- 
plifier. You can use the system as a 
complete single-axis drive control- 
ler for de motors. The controller is 
compatible with the STD Bus; it 
accepts commands from either the 
bus, an RS-232C serial input, or 
local switches. 

The 450 Series controller is a mi- 
croprocessor-based system that can 
control motor position, velocity, and 
torque. The system generates a 
trapezoidal velocity profile that has 
programmable acceleration and 
slew rates. The system, which 
needs no analog feedback, owes its 
stability to digital filtering. You can 
vary the filter’s coefficients to suit 
particular robotics and automation 
applications. 

Residing on a second card, the 
PWM output amplifier is available 
in three ratings. Model 450 contains 
an amplifier that can drive motor 
loads requiring 5A peak and 2A 
continuous current at voltages from 
15 to 45V. Models 451 and 452 both 
accommodate voltages of 15 to 75V; 
the 451 provides currents of 10A 
peak, 4A continuous; the 452 con- 
trols 20A peak, 7A continuous 
current. 

To avoid generating acoustical 
switching noise, the PWM amplifi- 
ers use a 22-kHz switching frequen- 
cy. This high switching frequency 
also allows you to dispense with a 
series choke in applications using 
low-inductance motors. A power- 
MOSFET bridge in the amplifier’s 
output circuit provides high-effi- 
ciency switching—for example, 
Model 452 dissipates only 12W while 
providing 500W output power. An 
internal de/de converter generates 


MODEL 20 


Lyall 





High-power motor control in a small pack- 
age and STD Bus compatibility are the hall- 
marks of Series 450 motion-control subsys- 
tems. The 2-card set can control loads 
demanding power as high as 500W, yet the 
output amplifier dissipates only 12W, be- 
cause the switching elements are power 
MOSFETs. 





all bias voltages needed on the am- 
plifier card. 

All Series 450 controllers operate 
over 0 to 70°C without derating. 
Required power supplies are 5V and 
+12V for the controller card and 15 
to 45V (Model 450) or 15 to 75V 
(Models 451 and 452) for the PWM 
servo-amplifier card. Prices for the 
450, 451, and 452 2-card systems are 
$995, $1085, and $1175, respective- 
ly.—Bill Travis 

Copley Controls Corp, 375 Elliot 
St, Newton, MA 02164. Phone (617) 
965-2410. 
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THE FIRST SINGLE-CHIP 


MODEM SOLUTION 


JUST FELL 


INTO YOUR LAP 


For truly portable, battery- 
powered data processing applica- 
tions, you really need a full-featured 
single-chip modem. Especially if 
you're designing laptop computers. 

And the fact is, you don’t have 
many choices. 

So go with the first choice: 
Fairchild’s new pA212A. 

It’s perfect for laptop PCs because 
it’s the first single-chip, Bell 212A- 
compatible modem IC with 1200/300 
bps full duplex transmission. 

And power consumption? The 
wA212A, made with our high- 
performance, double-poly silicon-gate 


©1986 Fairchild Semiconductor Corporation 
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CMOS process, features a typical 
power consumption of only 45 mW. 
And it performs all the signal process- 
ing functions singularly, compared to 
the competition’s solutions requiring 
up to five chips. 

Now designing with modems is 
easier and faster than ever before. 
Particularly in applications such as 
desktop PCs and workstations, voice/ 
data terminals, hand-held terminals, 
remote diagnostics, instrumentation, 
and stand-alone modems. And we 
back the »A212A with Fairchild’s 
comprehensive design and customer 
support. 
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For more details on the new 
wA212A, simply contact The Fairchild 
Customer Information Center at 
1-800-554-4443. 

The Fairchild single-chip modem. 
It'll put all 
your modem 
designs in 
the lap of 
luxury. 


We're taking the high ground. 
FAIRCHILD 


A Schlumberger Company 
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LEADTIME INDEX 








Percentage of respondents 


ITEM 


TRANSFORMERS 

Toroidal | _3 9.7 
Pot-Core _8 8.5 
Laminate (power) 8.8 
CONNECTORS 

Military panel 

Flat/Cable a 

Multipin circular 8.8 



















RF/Coaxial | 
Socket 4.2 
Terminal blocks 4.3 
Edge card : : _ 6.2 
Subminiature : . 6.7 
Rack & panel _ 4 6.0 
Power - 33 66 


















PRINTED CIRCUIT BOARDS 
Single-sided : _ a: 3.7 
Double-sided : _ 5 5.3 






Multilayer o- SS 7.2 
Prototype 7 Be 27 
RESISTORS | : 
Carbon film 2.7 
Carbon composition 3.8 
Metal film : ) 

Metal oxide 3.2 
Wirewound - 
Potentiometers : 65 39 
Networks € 


FUSES 






















SWITCHES 










Pushbutton Al co . 3.5 






Rocker 36 _ € 53 
Thumbwheel : 320 | 7 
Snap action 
Momentary 
Dual-in-line 
WIRE AND CABLE = 
Coaxial . 2.5 
Flat ribbon | 
Multiconductor 
Hookup 
Wire wrap 
Power cords 




























POWER SUPPLIES 
Switching 
Linear 


CIRCUIT BREAKERS 








HEAT SINKS 
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RELAYS 


General purpose 32 48 
PC board 
Dry reed 46 
Mercury 
Solid state 


DISCRETE SEMICO 
Diode 














Thyristor 


Communication/Circuit 
OP amplifier 
Voltage regulator 


MEMORY CIRCUITS 
RAM 16k 


RAM 64k 
RAM 256k 
ROM/PROM 





EEPROM 
DISPLAYS 
Panel meters 
Fluorescent 
Incandescent 





Liquid crystal 
MICROPROCESSOR ICs 








FUNCTION PACKAGES | 





Amplifier 
Converter, analog to digita 
Converter, digital to analog — 2 6.7 


LINE FILTERS 












CAPACITORS 


Ceramic ) 
Ceramic monolithic : 0. 5.2 
Ceramic disc 5 















Electrolytic 
Tantalum 


INDUCTORS 








Source: Purchasing magazine's electronics business survey 


EDN February 6, 1986 

















ABBOTT'S NEW TRIPLE OUTPUT, 200 kHz 
100-WATT SWITCHING POWER SUPPLY SERIES. 


In response to the critical need for low profile, triple output, high WMI100T MBIOOT 
switching frequency power supplies for use in airborne, shipboard or Input frequency 320-480 Hz 47-65 Hz 
d t installations, Abbott has created two new |00-watt switch- PVE etna aN Geta 
ground support instarauions, A000! ee ENO) oe Outputs (5 V, +12 V; or + 15 V) 
ers that live up to our reputation—‘When reliability is imperative. Switching frequency 200 kHz 
Triple output, low ripple and noise specs combined with hermetic seal Efficiency | 65% minimum 
MIOOT and MBIOOT Ripple/noise 100 mV peak-to-peak max 
construction make both WMI JOT anc perfect for powering Line regulation 10 mV (103.5-126.5 Vac) 
digital integrated circuitry, logic circuits, data processing and retrieval, Load regulation 10 mV main (.5% aux outputs) 
sonar, radar, communications and electronic countermeasures equipment. EMI meets MIL-STD-461B 
: a : del WMIOOT time Environment MIL-STD-810C, MIL-S-901C 
Designed for the military environment, mode , optimized for Input protection MIL-STD-704 MIL-STD-1399 
an airborne environment, accepts a 400 Hz input. For naval applications Operating temperature range -55°C to 100°C - 20°C FIC 
model MBIOOT accepts a 60 Hz input, while both deliver 100 watts in a Storage temperature range -65°C to 125°C = -55°C to 85°C 
Lise hc k P 1.875" ee 75" MTBF* (ground benign) 99,408 hours 97,935 hours 
igh-density package of |. AP ES MTBF * (ER Option) 375,248 hours 220,434 hours 
Standard features include short circuit protection and remote error MTBF * (Naval sheltered) 
sensing. Options which add extra versatility include 3-phase/wye configu- ee ere : Pekka a . 
- : : oye n eRe , 
ration, wider input voltage range, TTL turn-on/turn-off and military otcs (Air inhabited) 
connector. Standard 14,985 hours a 
And that’s just the beginning. Soon Abbott will offer several additional ER option 27,012 hours re ae 


power supply families which range from 60 to 500 watts, with single, SAME oT O-217B (30>-C Baseplate) 


triple and quadruple outputs to choose from. Call or write for complete 

specs and our new Abbott Military Power Supply Catalog today. Abbott WHEN RELIABILITY IS IMPERATIVE. 
Transistor® Laboratories, Inc., Power Supply Division, 5200 West Jefferson 

Bivd., Los Angeles, CA 90016 (213) 936-8185. Eastern Office: (201) 46/-44ll. 

Southwest Office: (214) 437-0697. 


MILITARY POWER SUPPLIES 
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EASY AS IBC 


Advanced VME 
industrial I/O capability 


VMEbus 








INTELLIGENT BASE 
CARD (IBC)-A/D 


On-Board Software 
Models AVME 9100, 9110 














FUTURE DIGITAL 
& ANALOG 
Models AVME 9500, 


9600 & 9700. 9220, 
9230 & 9300 


DIGITAL PULSE 
1/0 


Model AVME 9460 


DIGITAL 1/0 
Model AVME 9480 





















FUTURE 
ANALOG INPUTS 
LOW-LEVEL Models ECS 9130, 
ANALOG INPUTS 9143,9144 
Millivolt- 







HIGH-LEVEL 
ANALOG INPUTS 


Models ECS 9120, 9121 



















Thermocouple 
Model ECS 9142 





HIGH LEVEL SERIES 1800 RTD MILLIVOLT/ PNEUMATIC DIGITAL 1/0 DIGITAL PULSE 
Standard Model 6920 1/0 Input System 100 ohms (plat.'cu.) THERMOCOUPLE 0-15 PSI Logic Level 1/0 
Filtered Model 6921 (Isolated) 10 ohms (cu.) - Seven Types of T.C.s 0-30 PSI Solid State Relays Logic Level 

Process Currents Differential (J, K, T, S.R, E & B) 0-100 PSI Control Relays Mode! 6980 
Frequency Models 6950, 6951 Model 6947 Models 6955, Model 6980 

Strain Gauge 6956, 6957 

AC Voltage / Current 

DC Voltage 

Pressure 

Pot/ Slidewire 


Storing all in dual port RAM mem- 
ory. The IBC and analog I/O cards 
provide for 14-bit A/D conversion, 
amplification, isolation, scaling, 
linearization and limit checking. 
The IBC card also has a local 
serial port for calibration, diagnos- 
tics and configuration. 

And digital 1/0? Of course... 
provided for by a 64 channel 30 
volt bi-directional I/O card with or 
without relay field interfaces us- 
ing a variety of screw type termi- 


VME-Industrial I/O signal interfac- 
ing is now a simple matter of 
“putting it on the bus.”’ Thanks to 
Acromag’s analog and _ digital 
cards and termination products 
for interfacing real world I/O 
signals. 

Field inputs such as thermo- 
couple, RTD, voltage, frequency, 
Strain gauge, pneumatic and 
many others are directly inter- 
faced via screw type termination 
products and |/O cards to the 





VMEbus—as easy as IBC. nation panels. 

The Analog Intelligent Base Card (IBC) simplifies the Acromag's VME cards and termination products provide 
problem by forming an intelligent base for the analog subsys- the broadest industrial I/O capability available. All to make 
tem collecting and conditioning up to 256 analog signals and solutions to your industrial I/O needs as easy as IBC. 


See 
Re 


eePPR EERE pDDDPPDPPRMP PD 1g : = 
soe pp ce e S&S & & & & « « & 
ii atsidaalelerelele)ic “on : male laarchire 





To find out more about Acromag’s VME 
Industrial l1/O capability and commitment 
write for Bulletin 20-000.0. Or for immediate 
help call our telemarketing department at ee 
Acromag, Inc. ¢ 30765 Wixom Rd. ¢ Wixom, MI 48096 1-800-ACROMAG or (313) 624-1541. — ” 
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strengthens signals, enhance: 
squelches echoes, and gets you 








Echo cancellation can be greatly improved by 
using new TMS32020 processor, allowing tele- 
phone messages to come through loud and clear 
from anywhere. 


It can handle all your digital signal 
processing (DSP) better than ever 
before. And as you will read, TI’s 
new, single-chip TMS32020 can 
also be an efficient, economical 
processor for many high-speed, 
numeric-intensive applications. 
And because it is available now, 


fully supported, the TMS32020 can 


speed your system development. 


Up to three times 


faster throughput 
TT’s new TMS32020 processor 
delivers two to three times the 
throughput of the industry standard, 
TI’s own TMS32010. 

Behind this dramatic increase are 
(1) an expanded instruction set with 
repeat feature, (2) an expanded 


memory capability both on chip and 
off, and (3) much faster I/O. 





Top secrets stay top secret when secure-tele- 
phony systems (on cover) are designed using 
TI’s new TMS32020 signal processor. Its 
vastly improved throughput allows it to per- 
form all critical subroutines so rapidly that 
deciphering the code is made virtually 
impossible. 





Graphics systems could be economically 
implemented with TI’s TMS32020 supplying 
throughput capability required for realtime 
rotation, scaling, and translation. 


Like the TMS32010, the 
TMS32020 utilizes a modified 
Harvard architecture emphasizing 
overall system throughput, com- 
munication, and flexibility in 
processor configuration. 


Increased capability 


and flexibility 

Having greater throughput, TI’s 
TMS32020 makes fast work of filter- 
ing, correlation, windowing, trans- 
forms, wave-form generation, and all 
your other DSP tasks. 544 words of 
on-chip RAM, 32-bit arithmetic, 
single-cycle multiply/accumulate 
instructions, and an independent 
auxiliary register arithmetic unit 
further equip the TMS32020 for 
realtime DSP systems. 

However, the capabilities of the 
TMS32020 should challenge your 
imagination. Its 64K word program 
and 64K data-memory spaces, timer, 
serial port, multiple-interrupt struc- 
ture, provision for external wait 
states, and multiprocessor interface 
capability make the TMS32020 a 
natural choice for wide use. 

And the TMS32020 is eco- 
nomical. Through VLSI implemen- 


TITS new TMS32020 
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High-speed modems (4.8K bps to 19.2K bps) 
can be built with fewer chips and in shorter 
development time using TI’s new TMS32020 
processor. 


tation, the TMS32020 incorporates 
all these features into a single, 
68-pin grid-array package. 


Full support shortens 


development time 

A wide range of development hard- 
ware and software tools is available 
to shorten your design cycle. 
Included are full-speed emulators, 
software simulators and assemblers/ 
linkers, and application reports, plus 
other documentation (see box). 

Three-day DSP workshops are 
conducted periodically at TI’s 
Regional Technology Centers, and 
TI application engineers are also 
ready to provide help. Extensive 
third-party support is available. 

A TMS32020 applications hand- 
book and additional documentation 
are only 11 quick keystrokes away, 
1-800-232-3200, ext. 3502, or use 
the coupon on page 4. 

Where economy is a prime design 
consideration and system require- 
ments are less demanding, use TI’s 
industry-standard TMS32010 DSP. 
An extended temperature range 
military version is also available. 


sraphics, 


‘o market faster. 
digital signal processor chip. 


[MS32020 provides all 
ecure-telephony features 


NALOG 
JICE IN 






DIGITAL 
OUT 






ANALOGVOUT 
DIGITAL 
IN 





NALOG 
OICE OUT ANALOG ? IN 





Secause it can perform several func- 
ions by simply executing a variety 
yf subroutines, Tl’s TMS32020 
yrocessor is a prime candidate for 
ecure-telephony applications. 

For example, multiple 
[MS32020s can compress the voice, 
ncrypt the digital signals, and act 
is a modem. 

The fast cycle time of the 
[MS32020 is not only essential to 
he encryption/decryption routine 
yut can also allow the routine to be 
constantly varied so that cracking 
she code would be difficult. 

The large program memory, serial 
ort, and single-cycle multiply/ 
accumulate facilitate the coding, 
Jecoding, and modem routines. 

Thus, the TMS32020 is an 
>ffective alternative to the costly 
cully custom circuits you would 
have to use to gain equivalent pro- 
cessing power. 


TMS32020 cancels echoes 


more accurately 





For more effective echo cancella- 
tion, the 544-word on-chip data 
memory of TI’s TMS32020 enables 
it to provide larger, more accurate 
adaptive filters. Because of this 
memory and the single-cycle 
multiply/accumulate/data move, the 
TMS32020 can execute and update 
a 128-tap adaptive filter needed by 
the echo-cancellation-model rou- 
tine. And the extraordinary speed of 
the TMS32020 allows the adaption 


routine to execute in real time. 





The TMS32020 completes a 
multiply/accumulate/data move in a 
single cycle. Its “repeat instruction” 
allows the next instruction to be re- 
peated “N” times, which saves pro- 
gram memory space and effectively 
pipelines the instruction. 

In addition, the 544 words of 
on-chip data RAM allow quick up- 
dates of taps for faster adaptation, 
and the serial I/O port allows direct 
interface to a codec with little or 
no “glue” logic. 


T™MS32020 excels at fast 


matrix manipulations 





In graphics applications, TT’s 
TMS32020 processor can be used 
for both numeric and pixel process- 
ing. Its 200-ns multiply/accumulate 
allows the TMS32020 to execute 
realtime graphics scaling, rotation, 
and translation. All depend upon 
memory-intensive matrix manipula- 
tions that require rapid execution. 
The block-move feature of TI’s 
TMS32020 — up to 80 Mbits per 
second — allows the large data 
blocks involved to be accessed in 
real time to manipulate the screen. 
The TMS32020 is capable of ad- 
dressing up to 64K 16-bit words of 
data used to store the pixel informa- 
tion. Among other features that give 
the TMS32020 an edge in graphics 
systems are the scaling shifter used 
in pixel or bit alignment and the 
wait states that allow communica- 
tion with slower DRAMs/VRAMs. 
Because a graphics system 
must interface to a host processor, 
the host-interface logic on the 


TMS32020 eases your design task. 


TMS32020 simplifies 


high-speed modem design 
Using multiple TMS32020 pro- 
cessors in high-speed modems is a 
logical choice over costly fully 


custom chips. The TMS32020 com- 


bines easy programming with large 
data memory, multiprocessor and 





serial interfaces, overflow mode, 
large program memory, and table 
access of program memory. 

Since many high-speed modems 
require more than one program- 
mable DSP chip, the built-in 
multiprocessing interface of the 
TMS32020 minimizes component 
count and simplifies design. 

Adaptive FIR filters require the 
single-cycle multiply/accumulate/ 
data move and the large data 
memory of the TMS32020 for high- 
speed computations and realtime 
implementation. 

The overflow-saturation mode 
minimizes errors caused by an over- 
flowing accumulator and produces a 
“clean filter.” 

Program memory of up to 64K 
words permits multiple bit rates and 
standards to be supported simply in 
software rather than hardware. 

For more applications data, call 
1-800-232-3200, ext. 3502, or 


check the coupon on page 4. 


Samples of TI’s new 32020 are 
available now through authorized 
TI distributors, at $250.* Volume 
production is slated for early 1986. 
Development-support tools are also 


available off the shelf. 


™S32020 Software and 


Hardware Support 


Host Operating Part 
Computer System Number | 


Macro Assembler/Linkers 
DEC VAX VMS TMDS3241210-08 
TI/JIBM PC MS-DOS TMDS3241810-02 


Simulators 
DEC VAX VMS TMDS3241211-08 
TI/IBM PC MS-DOS TMDS3241811-02 


Hardware 


TMDS3262220 


Ww 














Emulator 
*Suggested retail, quantity 1, U.S.A. 


Turn the page for more information. 
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High system performance and low-power operation result when four of TI’s new 74AS888 8-bit-slice processors are 
cascaded to form a 32-bit CPU with TI’s new, low-power THCT1010 speeding multiplier/accumulator operations. 





TI redefines your idea of speed/power 
ratios with its new bit-slice/multiplier team. 


For many applications requiring ex- 
ceptional system execution speeds, 
TI's new 74AS888 8-bit-slice pro- 
cessor can prove the effective alter- 
native to the TMS32020 DSP. 

Usually, when you increase system 
performance significantly, power 
consumption follows right behind — 
just as night follows day. 

Not so with TI’s IMPACT™ 
74AS888 and new THCTI1O10 
multiplier/accumulator. This team 
sends power and performance on 
their separate ways. One up... the 
other down. 


© 1985 TI 


Texas Instruments Incorporated 


P.O. Box 809066 
Dallas, Texas 75380-9066 


The innovative 74AS888 has an 
instruction-to-Y output of 46 ns 
maximum, or a 51% improvement 
over the 4-bit competition. Power 
dissipation is only 1.5 W maximum 
during operation. 

Multiplies and divides are about 
as fast as additions. Flexible micro- 
instructions let you tailor an 
application-precise instruction set. 
You can use any software. Any word 
length in 8-bit increments. Emulate 
any known uP instruction set while 
achieving improvements in execu- 
tion speeds. 
™ Trademark of Texas Instruments Incorporated 
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The 74AS888 is fully supported 
and readily available through TI dis- 
tributors so you can get your system 
design finalized in minimum time. 

TI’s new THCT1010 is pin-for- 
pin compatible with the industry- 
standard multiplier (TDC1010J) but 
consumes 30 times less power. In con- 
junction with the 74AS888, it can 
significantly cut the power require- 
ments of bit-slice systems. 

Fabricated in silicon-gate CMOS, 
the THCT1010 is a 16- X 16-bit 
multiplier with 35-bit accumulator. 
How fast is it? For the -100 suffix, 
100 ns maximum with a worst-case 
power consumption of only 150 mW. 

If you want more details on the 
74AS888 and THCT1010, just dial 
the 800 number below or clip and 
mail the coupon. 


For quick response to your 
information needs, call 
Texas Instruments today at 


1-800-232-3200. 
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Cutler-Hammer’ switches deliver 5 amp 
performance at a 3 amp price. 


Conservatively rated at 5 amps, Cutler-Hammer® 
illuminated pushbuttons deliver long-life 
dependability—even longer in a 2 or 3 amp 
load application. Switches can be PC board- 
mounted or panel mounted with 

unique clips which snap snugly 

into a wide range of panel 

thicknesses. 


Plus, each switch is UL recognized, ; a 
CSA certified and most meet VDE ' 
requirements. What's more, every 


switch is backed by extensive R&D and sup- 
ported by a solid, service-oriented sales and 
distributor network. 


meee For more information, contact your Cutler- 
4, Hammer Sales Office or Distributor. Or 
7 send for our complete catalog. Eaton 
Corporation, Aerospace & 
Commercial Controls Division, 
4201 N. 27th St., Milwaukee, WI 
53216. Or call 414-449-7487. 


Aerospace, Commercial, Miniature, 
Illuminated Switches and Relays. 


For immediate reference, see EEM pages 1590-1611. 
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Special Report 


Graphics- 


controller 


Recently introduced graphics- 
controller ICs offer faster drawing 
rates and better screen-refresh 
capabilities than do earlier models. 
The ICs range from stmple screen-refresh controllers to 
highly specialized 32-bit graphics microprocessors. 














Steven H Leibson, Southwestern Editor 


Recent graphics-controller [Cs let you build raster- 
graphics subsystems that include surprisingly few chips, 
yet deliver fast drawing speeds previously reached only 
with bit-slice processors. The ICs also make medium- and 
low-performance graphics systems easier and less expen- 
sive to design and build. 

Further, many of these new controllers come with soft- 
ware support for the proposed ANSI Computer Graphics 
Interface (CGI) standard, which promises standardization 
at the graphics-driver level for display, hard-copy, and 
input devices. 

Graphics controllers fall roughly into three categories: 
screen-refresh controllers; fixed-instruction controllers; and 
application-specific, programmable graphics microproces- 
sors. (High-conversion-rate video D/A converters that 
work with these different types of controller ICs are listed 
on pg 116.) Screen-refresh controllers manage CPU access 
to the screen-buffer RAM, extract display information 
from the buffer, and direct that information to the CRT- 
monitor electronics. These controllers also generate CRT 


Graphics-controller ICs offer a variety of approaches to graphics-system design. One chip 
set, for instance, allows you to approach the construction of a graphics »P in a modular 
fashion. The set—to be available this spring—includes a raster-graphics processor (which 
acts as the set’s master chip), a BitBlt processing unit, a video clock generator, and a video 
shift register. For maximum performance, a separate BitBlt processor would manage each 
memory plane. (Photo courtesy National Semiconductor) 
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Any graplics controller that performs screen 
refresh without the aid of a video RAM 
cannot draw and refresh at the same time. 





Results of several PixBlt operations combining the letter A and X 
appear in this screen photo from Texas Instruments’ MS-DOS 
TMS34010 simulator. The results of the operations are, from left to 
right (top), replacement with transparency off, replacement with 
transparency on, and maximum. From left to right (bottom), the 
results are minimum, AND, and Exclusive OR. 


control signals: horizontal and vertical or composite 
syne and blanking. In designs using screen-refresh 
controllers, the CPU places the information into the 
screen buffer (in other words, it draws the picture). 
Designs using screen-refresh controllers can be inex- 
pensive, but they won’t offer very high performance 
levels because of the great burden they place on the 
CPU. 

An example of a simple screen-refresh controller is 
the 6845 NMOS CRT controller from Motorola. IBM 
uses the device in both the monochrome display and 
color graphics adapters for the IBM PC family of 
computers. The 6845 is a character-oriented controller 
that supports programmable screen formats, including 
the number of characters displayed both horizontally 
and vertically, the length of the vertical-retrace period, 
the width and position of the horizontal sync pulse, and 
interlace mode. The controller has no onboard charac- 
ter generator. 

Although the 6845 is character oriented, you can use 
it as a screen-timing generator for both character and 
bit-mapped graphics displays. You can use the 6845’s 
timing signals to drive any screen-buffer architecture. 
Motorola, Hitachi, VLSI Technology, and Gould AMI 
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offer several NMOS and CMOS versions of the 6845. 
Both Gould AMI and VLSI Technology offer 6845 
macrocells for incorporation into custom IC designs. 
Fujitsu recently introduced enhanced 6845 designs in 
CMOS. The company’s MB89321 is pin compatible with 
the 6845; its MB89322 has the same internal architec- 
ture, but it has an Intel-type bus interface instead of 
the 6845’s Motorola-type interface. Both parts feature 
an enhanced, smooth scroll with as many as four 
independently scrollable screen partitions. 


IBM PC-compatible controllers 


Specialized screen-refresh controllers for the IBM 
PC and compatible computers are available from two 
companies, Chips and Technologies and Tseng Labora- 
tories. The chip sets are compatible with IBM’s en- 
hanced graphics adapter card. Chips and Technologies’ 
enhanced graphics chip set comprises the 82C431 
graphics controller, the 82C432 sequencer, the 82C433 
attributes controller, and the 82C434 CRT controller. 
These four ICs reduce the chip count of a design 
compatible with IBM’s enhanced graphics adapter from 
76 to 32 devices. The chip set supports the IBM PC 
monochrome display adapter, and it can emulate the 
Hercules monochrome graphics adapter card. 

Tseng Laboratories’ ET2000 CRT controller, ET2001 
attribute controller, and ET2002 graphics data control- 
ler make up a 3-chip set that supports the three screen 
resolutions (820x200, 640x200, and 640x350 pixels) 
available with the enhanced graphics adapter. It also 
supports the additional 640480-pixel screen format 





A video-RAM-compatible graphics controller and video RAMs can 
reduce board real estate tremendously while increasing maximum 
screen resolution, as you can see from this comparison of an older, 
2-board graphics-board set for Texas Instruments’ TI PC bus with the 
video-system-controller evaluation module. 
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available with the IBM Professional graphics controller 
and the 80-character x 25-line screen format of the IBM 
PC monochrome display adapter. You can build a high- 
er-resolution (12801024-pixel) design with one 
ET2000, one ET2002, and four ET2001s. The company 
is planning to add a fourth chip to the series: The 
ET2003 bit-slice controller, for higher-performance 
subsystems, will be compatible with IBM’s Professional 
graphics controller. 


Screen-refresh controllers for bit maps 


A screen-refresh controller that specifically ad- 
dresses bit-mapped graphics is Motorola’s raster-mem- 
ory system, which comprises the MC68486 raster mem- 
ory interface and the MC68487 raster memory 
controller. The MC68486 supports from 16k to 1M bytes 
of screen-buffer RAM. It contains the »P-bus interface, 
generates system clocks and RAS and CAS signals for 
dynamic RAMs, and works in both interlaced and 
noninterlaced modes. 

The MC68487 takes information from the screen 
buffer and converts it to the video signals needed to 
drive a display. It supports displays whose resolution is 
as high as 640x400 pixels for NTSC signals and 
640x500 pixels for pal (the French equivalent of NTSC) 
signals. In character mode, the MC68487 can display as 
many as 50 rows of 80 characters. The device contains 
ASCII and block graphics characters in ROM and 
supports as many as 32,000 user-definable characters. 
An internal color map allows 32 colors (from a palette of 
4096) to appear on the red, green, and blue analog 





Suitable for high-performance applications, this 32-bit, program- 
mable graphics microprocessor, the TMS34010 from Texas Instru- 
ments, features a highly parallel architecture, an on-chip instruction 
cache, and a pixel-block-transfer (PixBlt) raster engine. 


outputs. The video outputs have 100-kO output imped- 
ance, so you must buffer them externally to drive 
low-impedance displays. 

Texas Instruments’ TMS34061 video-system control- 
ler directly supports 64k-bit video RAMs and display 
resolutions as high as 4096 x 4096 pixels. The TMS34061 
acts as both a dynamic-RAM controller and a screen- 
refresh controller: It generates multiplexed addresses, 
RAS and CAS signals, the shift-register transfer- 
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Video RAMs suit high-performance displays 


When they’re used as screen 
buffers for character-oriented 
displays, where screen manipula- 
tion involves only a few thou- 
sand bytes, conventional (single- 
ported) RAMs don’t present 
much of a limitation to system 
performance. However, bit- 
mapped displays with resolu- 
tions exceeding 1024 x 1024 pixels 
have screen buffers of several 
hundred thousand or millions of 
bytes, and the limited band- 
width of single-ported RAMs se- 
verely degrades the performance 
of these systems. For high-per- 
formance displays, which have 
large bandwidth requirements 
for both screen manipulation and 
screen refresh, you need to use 
video RAMs. 

A video RAM is a 2-port 
- memory device with an internat 
RAM array and a shift register. 
One port looks like a convention- 
al dynamic RAM, with multi- 
plexed addresses and RAS and 





MANUFACTURER MODEL 
_ 64k-BIT VIDEO RAMs 
att 
TECHNOLOGIES 





256k-BIT VIDEO RAMs 

AMD Am90C644 

FUJITSU 

NEC u#PD41264-15 | 64kx4 
wPD41264-12 | 64kx4 

TEXAS TMX4461 64k x 4 

INSTRUMENTS 


HYBRID SIP VIDEO RAMs 
TEXAS TMS4161EVv4 | 

INSTRUMENTS = TMS4161EP5_ 
Co TMS4161GW4 


TMS4161GY4_ 


“SAMPLES AVAILABLE 
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M51064PX-20 | 64kx1_ 
M51064PX-15 | 64kx 1 
TEXAS CC TMS4161-20 | 64kx1 | J 
_ INSTRUMENTS T™MS4161-15 | 64kx1 | N60 Es 
24-PIN, 400-MILDIP__| $10(1000) 
MB81461-15P. | 64kx4 256 x4 150 16.7 24-PIN, 400-MIL DIP $10.75 (10,000) 
MB81461-12P | 64kx4 256 x4 120 25 AND 24-PIN SIP $13 (10,000) 
150 16.7 24-PIN, 400-MIL DIP 
256x4 120. (125 24-PIN, 400-MIL DIP 


CAS signals. The other port is 
serial, coupled to the internal _ 
shift register. In one clock, 256 
bits (for a 64k-bit video RAM) or 
1024 bits (for a 256k-bit video 
RAM) of data are transferred 
from the RAM array to the 
shifter. The serial port then 
doesn’t need the array until the 
screen-refresh process has used 
all of the data from the shifter. 

Since their introduction a little 
over a year ago, when Texas In- 
struments produced the 64k-bit 
TMS4161, video RAMs have had 
significant impact on high-per- 
formance graphics design. At 
present, AMD, NEC, and 
Fujitsu are making 256k-bit 
video RAMs; TI will soon intro- 
duce a 256k-bit device as well. 
Because the video RAMs have 
serial ports, they’re also finding 
application in disk, tape, and 
LAN controllers. 

AT&T Technologies’ 64k-bit 
video RAM, the M51064PX, is 


(BITS) 















pin compatible with the 
_ TMS4161, although AT&T is not 
_an official alternate source for 


the TI part. Further, all the 
256k-bit video RAMs are pin- 
compatible, 64k x4-bit designs; 
however, the NEC pPD41264 
offers fewer features than do the 
other parts listed. 

The 256k-bit video RAMs fea- 
ture bidirectional transfer be- 
tween the video RAM’s shift 
register and RAM array; you 
can use this bidirectional trans- 
fer for rapid screen clearing and 
for patterns. In addition, the 
parts offer maskable write, 
which lets you use each of a 
video RAM’s four data-signal 
lines as a separate bit plane, as 
well as for individual pixel ma- 
nipulation. You can use the shift- 
register input for register load- 
ing, and you can start shifting at 
any point in the 256-bit shift 
register. 


PRICE | 
(QUANTITY) 






$6.90 (100) 
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control signals needed by the video RAMs, and video 
syne and blank signals. Because screen refresh from 
video RAMs does not require much RAM bandwidth— 
and because the TMS34061 performs this screen re- 
fresh automatically—you can use one TMS84061 to 
control both screen-buffer video RAMs and main-sys- 
tem dynamic RAMs. The TMS34061 accepts an 18-bit 
address from the host CPU and directly drives 64 
RAMs. Because the RAM data bus doesn’t pass 
through the TMS34061, the data path between the CPU 
and memory can be of any width. 

The video-system controller supports both linear and 
XY-indirect addressing. In the linear-addressing mode, 
the address presented to the TMS34061 selects a RAM 
location. This mode is useful primarily in 16- and 32-bit 
uP systems, which can support the large memory space 
that a high-resolution screen buffer requires. The XY- 
indirect addressing mode is useful in systems with 8-bit 
uPs, which can’t support large screen buffers directly. 
When it operates in the XY-indirect addressing mode, 
the TMS34061 uses an internally generated 20-bit ad- 
dress to select a RAM location. A programmable auto- 
matic increment of the XY-addressing registers sup- 
ports line-drawing algorithms, so the XY-indirect 
addressing feature is useful with all CPU types. 

An evaluation module for the TMS34061 (the 
TMDX3471800000) is bus compatible with the IBM PC 
and the TI PC; it costs $995. The board, which can 
display a 1024x512-pixel screen, includes a TMS34061 
configured with three planes of video RAM. Sockets on 
the board allow you to add a fourth plane by plugging in 
eight additional video RAMs. 

Another bit-mapped screen-refresh controller is the 
82716 video storage and display device from Intel and 
Matra-Harris, which developed the product jointly. 
The 82716 has a 512k-byte address space and supports 
displays that have resolutions as high as 640x512 
pixels. You can represent each pixel with two, four, or 
eight bits (the 8-bit mode is available only for 320-pixel- 
wide screens). A 16-word color map drives three 
onboard 4-bit D/A converters, allowing you to display 
16 colors from a palette of 4096. 

The 82716 directly drives RAM arrays and generates 
multiplexed addresses and RAS and CAS signals. 
Standard dynamic RAMs are used for the bit map; the 
controller generates no transfer or shift control signals 
for video RAMs. The screen buffer is configured as a 
16-bit wide array, and the 82716 offers an 8- or 16-bit 
interface to the host processor. 

A key feature of the 82716 is its window-management 
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An tnstruction cache accelerates graphics- 
algorithm execution by capturing loops of 
instructions. 
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Graphics, screen-refresh, and RAM-refresh controllers are com- 
bined on the Hitachi HD63484 Advanced CRT controller IC. 


scheme. The controller treats windows as objects; it can 
manage as many as 16 of them. The size and position of 
each window are determined by two tables: one 512- 
word access table for all objects and one 8-byte, object- 
descriptor table for each object displayed. You can 
program each window to be either bit mapped or 
character oriented. You control window movement and 
manipulate window size by altering entries in the 
relevant tables, a relatively quick operation. 


Fixed-instruction controllers 

For applications that require higher performance 
graphics or that must relieve the CPU of graphics 
tasks, you’ll need to use a graphics controller that can 
manipulate the bit map without CPU intervention. One 
kind of controller that can perform this task is a 
fixed-instruction graphics controller, whose fixed in- 
struction sets comprise commands for line and arc 
drawing. 

NEC introduced the first single-chip, fixed-instruc- 
tion graphics controller, the »PD7220 graphics-display 
controller. The »PD7220, which is now also offered by 
Standard Microsystems Corp, Zilog, and Intel, includes 
screen-refresh, dynamic-RAM refresh, and graphics- 
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This 4-chip graphics controller from Chips and Technologies forms 
the core of a board design that’s compatible with the IBM enhanced 
graphics adapter. 


drawing controllers, as well as a light-pen interface. 

The »~PD7220’s commands include line, arc, rectan- 
gle, and graphics-character drawing, which transfers 
an 8X8-pixel character to designated screen areas and 
can be used for area fill. Zoom and pan are also 
supported. NEC’s fastest graphics-display controller, 
the 7220AD-2, clocks at 8 MHz and can draw at 500 
nsec/pixel. 

A problem with the 7220, as with any graphics 
controller that refreshes the screen without the aid of a 
video RAM, is that it can’t draw and refresh at the 
same time. If you allow the graphics controller to draw 
while the controller is refreshing the screen, snow will 
appear on the screen when a memory-write cycle (part 
of the drawing operation) takes the place of the normal- 
ly scheduled screen-refresh read cycle. One way to 
prevent snow would be to program the 7220 to draw 
only during the horizontal and vertical blanking inter- 
vals, but the penalty is a severe reduction in drawing 
speed. 


To avoid both snow and slow drawing speed, you 
could use a screen-refresh controller like the 6845 to 
relieve the 7220 of its screen-refresh duties. To imple- 
ment this scheme, you’d use the 7220’s external-syne 
input to synchronize the 7220 with the 6845. This 
arrangement would require you to use fast RAMs, so 
you could interleave the drawing cycles and the screen- 
refresh cycles without extending the overall access time 
for screen refresh. 

However, the main difficulty with this technique is 
that it requires you to build complex circuitry to detect 
the 7220’s uninterruptible, read-modify-write drawing 
cycle (which can occur at any time) and postpone the 
6845’s read cycle until the 7220’s cycle is complete. 

To overcome this draw-vs-display conflict, Hitachi 
uses an interleaved memory-access mode in its 
HD63484-8 advanced CRT controller. A 1000-nsec (at 8 
MHz) display/drawing cycle in the interleaved mode 
provides separate memory cycles for the screen-refresh 
and drawing tasks. A disadvantage of the interleaved 
mode is that, for a given screen configuration, the 
memory-access speed must be twice the speed required 
by the noninterleaved, single-access mode. 

The HD63484-8 controller lets you use 38 drawing 
commands, including line, rectangle, polyline, polygon, 
circle, ellipse, arc, ellipse arc, filled rectangle, paint, 
and pattern. It supports as many as 2M bytes of screen 
memory with one, two, four, eight, or 16 bits per pixel. 
The controller also supports a separate 128k-byte char- 
acter memory space, three split screens, and one win- 
dow. Signetics will act as an alternate source for 
the part. 

AMD’s Am95C60 quad pixel data-flow manager is a 
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fixed-instruction graphics controller that takes advan- 
tage of video RAMs. One QPDM controls as many as 
four planes, accessed 16 bits at a time, and supports 
screen resolutions as high as 40964096 pixels. The 
Am95C60 generates multiplexed addresses and the 
RAS and CAS signals needed for dynamic-RAM sup- 
port, as well as the transfer signal needed for video- 
RAM control. 

By controlling four planes with one chip, AMD imple- 
mented an antialiasing algorithm in the Am95C60. The 
controller performs line smoothing through two or four 
levels of shading. The Am95C60’s 60-instruction com- 
mand set includes line draw, block move, and area fill. 
Internally, the Am95C60 is a 16-bit machine, but it 
supports both 8- and 16-bit interfaces to the host CPU. 

The X1001/1002 graphics microprocessor chip set 
from XTAR Electronics has a display-list architecture. 
Instead of passing individual drawing instructions to 
the chip, the CPU interacts with the X1001/1002 by 
sharing a 128k-byte display-list buffer that’s separate 
from the screen buffer. Using the X1001/1002’s display- 
list-descriptor instruction set, the CPU builds a de- 
scription (in the buffer) of the picture to be drawn. It 
then activates the X1001/1002, which runs through the 
description, executing the instructions, and drawing 
the picture in a separate frame buffer. The display-list 
buffer can hold several display lists; if you use an 
interleaved-access buffer, the host CPU can create a 
new display list while the X1001/1002 draws from a 
different, completed list. 

The X1001/1002 has no screen-refresh capabilities; 
you can use either ees RAMs or video RAMs as 





Screen-refresh controllers manage CPU ac- 
cess to the screen-buffer RAM, extract dts- 
play information from the buffer, and at- 
rect the information to the CRT. 


the screen buffer and design your own screen-refresh 
circuitry. The company incorporates a 6845 screen- 
refresh controller in its $2195 EVA 1000S evaluation 
module, however. An IBM PC-compatible video-dis- 
play board, the PG1000E, costs $3500 and includes a 
display-list editor; polygon, dither/transparency, and 
color-palette editors; an assembler; a disassembler; a 
debugger; and DOS-compatible text drivers. 

You can expect several companies to introduce other 
dedicated graphics microprocessors in 1986. Unlike the 
X1001/1002, which has a specialized instruction set for 
drawing, these newer graphics »Ps will have general- 
purpose instruction sets with graphics enhancements in 
both instruction sets and hardware support. 

These high-end machines will employ bit-block trans- 
fers (BitBlts) as an efficient means of manipulating the 
bit map. A BitBlt, which is also called a raster opera- 
tion (rasterOp), is a primitive graphics operation that 
takes two rectangular regions of pixels (source and 
destination), performs a pixel-by-pixel Boolean opera- 
tion on these blocks, and then writes the resulting block 
back to the destination. 

Because of the BitBlt’s Boolean nature, it’s mainly 
suitable for monochrome (one bit per pixel) displays. 
Texas Instruments has extended the BitBlt operation 
for multiplane color and gray-scale designs in its 
TMS34010 graphics system processor by adding arith- 
metic operations. The company calls the extended func- 
tion the pixel block transfer (PixBIt). 

The TMS34010 (samples of which will be available 
this month) is based on a 6-MIPS, 32-bit microprocessor 
core that’s like a reduced-instruction-set computer. The 
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For applications that require higher per- 
formance graphics, youll need a graphics 
controller that can manipulate the bit map 
without CPU intervention. 


1-chip TMS34010 incorporates a barrel shifter for high- 
speed bit rotations, and it includes a rasterOp engine, a 
CRT timing controller, and a video-RAM controller. 
Local memory can be any combination of video RAM, 
dynamic RAM, other RAM, and ROM. 

A 256-byte instruction cache is also on chip. The 
cache accelerates graphics-algorithm execution by cap- 
turing loops of instructions. Once a particular instruc- 


112 





‘ cle, circle the appropriate 





tion loop is captured, memory cycles for instruction 


fetches within the loop cease, and loop execution is 


faster, because the TMS34010 can access instruction 
cache, internal register file, and external memory si- 
multaneously, instead of sequentially. The 256 bytes 
can hold 128 instructions—an ample capacity for most 
algorithms. 

You can use multiple TMS34010s in your applications 
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MPS Single Chip... vs. ... Other’s Hybrids 





Compare power, price, reliability, 
Series, Eh O@ eric cisiers, cholo elaece 


Bs coyolsorceteltet-mattietelccecMeyms(o)leleMoyemetace 
complex 10-and 12-bit hybrid flash converters. 
Now you can benefit from the world’s only, one- 
chip 11-bit flash. Not only does the MP7685 out 
perform the hybrids, but it’s available to full mil 
- specs and with LCC packaging. Two devices in 
series provide 12-bit resolution and 2 devices in 
parallel double the throughput rate to 4MHz. 


IW HerceM weyi(c ance iheKe) adeCetccmeclemcrletjaarllmend 
your design requirements. Check these out: 
11-bit MP7685 (2MHz speed, +1/2 bit accuracy), 
8-bit MP7684 (ZOMHz speed, + 1/2 bit accuracy), 
8-bit MP7683 (10MHz speed, +1/2 bit accuracy), 
6-bit MP7682 (30MHz speed, + 1/4 bit accuracy). 


Micro Power’s proprietary bulk silicon molyb- 
denum gate CMOS converters provide high 
performance and powerful solutions for flash 
applications. These devices meet commercial, 
industrial, and military temperature ranges. All 
vai lable with MIL-STD-883 processing, and 


are a 
are CMOS rest Corgeye)eefercre) meer enier-tale) (ce 











Samples, data sheets, applications boards and 
applications support are immediately available. 
YaateMdelcMeroleyoreyemeyane)eteye(-moltia (ore! eo e)dan 
sentative or distributor. MPS is the leader in data, 
acquisition ICs, refractory gate MOS technology, 
and now flash converters. 
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CIRCLE NO 69 











A fixed-instruction graphics controller can 
manipulate the bit map without interven- 
tion from the CPU. 


(for instance, by running several slave TMS34010s from 
one master). Multiple TMS34010s would suit an applica- 
tion like gun processing, in which each of the three CRT 
color guns has its own graphics processor. 

The TMS34010 supports both linear and XY address- 
ing modes. Linear addressing (the type of addressing 
available in most general-purpose Ps) is useful for 
program execution and management of data structures; 


XY addressing is better for screen and window clipping 


and other screen-management functions. The 
TMS34010’s 32-bit address architecture can access 4G 
bits, because the architecture of the part supports bit 
addressing. The TMS34010 package doesn’t bring out 
the two high-order bits, so the address range is limited 
to 1G bit. 

Fabricated in 1.8-~4m CMOS, the TMS34010 graphics 
microprocessor incorporates 160,000 to 180,000 transis- 
tors and dissipates 250 mW at its full rated speed (6 
MIPS). Samples cost approximately $500; the company 
expects to have the part in full production late this 
year. TI is also planning a line of software-development 
and -support products for the TMS84010: The products 
will include low-level, assembly-language tools, a C 
compiler with a run-time support package, a function 
library, and support of the CGI standard. You’ll be able 
to select MS-DOS, VMS, Berkeley 4.2 Unix, or Unix 
System V as the operating system. A software simula- 
tor for computers running MS-DOS, as well as a 
hardware emulator, will also be available. 

Motorola plans to introduce a 82-bit graphics micro- 
processor in the second half of this year. The 68490 
raster-graphics display processor is based on a 68000 
uP core, but it doesn’t support the full 68000 instruc- 
tion set. Coupled to the processor is a raster engine 
capable of performing all 16 Boolean operations of a 
2-operand rasterOp (source, destination) and all 256 
operations of a 3-operand rasterOp (source, mask, 
destination). The company has not yet determined 
pricing for the part. 

The 68490 supports video RAMs and screen sizes of 
as much as 1280x1024 pixels with a 16M-bit/plane 
address space. Without extra hardware, the 68490 can 
control as many as eight planes. The 68490 doesn’t have 
a built-in screen-refresh controller, so you’ll have to 
include one (such as the 6845) in your subsystem 
design. 

The processor’s local memory can comprise any mix- 
ture of video RAM, conventional RAM, and ROM. The 
68490 has a dual-bus architecture; a host bus interfaces 
a CPU or DMA controller to the processor. Commands 
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and instructions pass over this bus and through the 
68490 into local graphics memory. A program executing 
in the 68490’s local memory then interprets the instruc- 
tions. You can use the 68490 processor to implement the 
proposed CGI standard. 

This spring, National Semiconductor will introduce 
its advanced graphics chip set. Comprising the DP8500 
raster-graphics processor, DP8510 BitBlt processing 
unit, DP8512 video clock generator, and DP8515 video 
shift register, the chip set will allow you to approach 
the construction of a graphics »P in a modular fashion. 
The DP8500 and DP8510 are both fabricated in 2-um 
CMOS and clock at 20 MHz max. The DP8515, which is 
fabricated in National’s recently announced bipolar/ 
CMOS process, runs as fast as 200 MHz. 

The DP8500 is the master chip in the set; it processes 
instructions from local memory and controls multiple 
DP8510s. The DP8500 has a 32-bit internal address bus, 
but, because of pin limitations, it has an external 28-bit 
address and supports a maximum screen resolution of 
16kx16k pixels. The DP8500 has a general-purpose 
microprocessor core with a full complement of arithme- 
tic and Boolean instructions, and it supports both 
dynamic RAMs and video RAMs. The DP8500 and its 
host CPU communicate through shared RAM. 

In a maximum-performance configuration of the chip 
set, each bit plane would be managed by its own 
DP8510, which contains a rasterOp engine and a barrel 
shifter. This configuration would support both pixel 
architecture (manipulation of one bit/plane to the full 
pixel depth) and plane architecture (manipulation of 
several adjacent bits in a single plane simultaneously), 
and you could switch from one orientation to the other 
from within your program. You could design an archi- 
tecture that multiplexes one DP8510 over all bit planes, 
and you could also use the DP8510 as a graphics 
accelerator for a general-purpose wP even if you had no 
DP8500 in the system. 

The DP8500 is the system address generator; the 
DP8510s manipulate bit plane data. Allocating a 
rasterOp processor and barrel shifter to each plane 
gives the chip set a performance edge over competing 
single-chip architectures, the company claims. 

The DP8512 generates system timing. Although you 
can use any number of DP8510s in the advanced graph- 
ics chip set architecture, the company specifies that 
both the DP8512 and DP8500 can drive a maximum of 
eight DP8510s directly. To drive more DP8510s, you 
would need buffers. An 8-plane system would include 
one DP8500, one DP8512, and eight DP8510s; these 10 
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OIMNIBYTE 


Multibus* Products 


(IEEE 796) 
Here’s how our 8 plus years of experience 
saves you time and money: time because 
we have already designed and built these 
state-of-the-art boards for your high 
performance needs; money because we 
spread design/debug/testing costs over 
thousands of units. Call Peter Czuchra, 
Marketing Manager, to discuss how our 
high quality, high reliability boards will 
save you time and money on your next 
application. 


i OMNIBYTE CORPORATION 


MULTIBUS SINGLE BOARD 
COMPUTER 


1O0MHz 68000 16/32 bit CPU 
32K/128K/512K of zero-wait-state 
dual-ported RAM 

Up to 192K bytes of EPROM 

(2) RS-232C serial ports 

(2) 16-bit parallel ports 

A triple 16-bit timer/counter 

(7) prioritized-vectored interrupts 
Omnibyte two year limited warranty 


245 W. Roosevelt Rd. 
West Chicago, IL 60185-3790 


(312) 231-6880 
Intl. Telex: 210070 MAGEX UR 


A Look at Today...A Vision of Tomorrow 
*Multibus is a trademark of Intel Corp. 


Circle no. 2 on reader service card. 


Circle no. 1 on reader service card. 


$595: 












duns 


OB68K/MMU™ MULTIBUS 


CPU BOARD WITH OPTIONAL OB68K/OCTAL™ 
MULTIBUS SERIAL I/O BOARD 
MEMORY MANAGEMENT toe Eee 
© 10MHz 68010 16/32 bit CPU nal 


e Up to (4) 68451 Memory 
Management Units (optional) 
High speed iLBX* memory port 
8 channel DMA port 
(2) RS-232C serial ports 
4K/16K bytes of RAM 
(2) 28-pin ROM sockets 
Omnibyte two year limited warranty 
*iLBX is a trademark of Intel Corp. 
Circle no. 4 on reader service card. 


Individually programmable baud rates 
between 50 and 38.4K:baud 

(4) 68681 DUART chips 

(4) Multi-function programmable 
16-bit counter/timers 

Omnibyte two year limited warranty 


Circle no. 5 on reader service card. 








SEE 


OB68K/INT(S)™ 
MULTIBUS HOST ADAPTER/ 
SERIAL I/O BOARD 


(2) 68230 PI/T chips 

e (2) 68681 DUART chips 
(4) RS-232C or RS-422 serial I/O 
ports 
SASI interface to disk controller 
Parallel printer port 
Real time calendar clock with battery 
back up 
Omnibyte two year limited warranty 


OB68K/INT(P)™ 
MULTIBUS HOST ADAPTER/ 
PARALLEL I/O BOARD 

e 48 bits of software definable 


parallel, I/O 
e Real time calendar clock w/battery 


back up 

(4) 68230 PI/T chips 

15 sq. in. of prototyping area 
Parallel printer port 

SASI* interface to disk controller 
Omnibyte two year limited warranty 


*SASI is a trademark of Shugart Associates. 


Circle no. 7 on reader service card. Circle no. 8 on reader service card. 














OB68K/MSBC1™ MULTIBUS 
SINGLE BOARD COMPUTER 


e 12.5MHz 68000 16/32 bit CPU 
(other speeds and 68010 optional) 

e 256K/512K/1M/2M bytes dual- 
ported; zero-wait-state RAM w/parity 

e (4) RS-232C serial Synchronous/ 
Asynchronous multiprotocol I/O ports 

e (1) iSBX* expansion connector 

e (4) 28 Pin ROM sockets (up to 
256KB) 

e Optional memory management 

e Omnibyte two year limited warranty 


*iSBX is a trademark of Intel Corp. 
Circle no. 3 on reader service card. 





OB68K230™ 
MULTIBUS 96-BIT PARALLEL 
I/O TIMER BOARD 


e 96 bits of software definable 

parallel I/O 

(4) 68230 PI/T chips 

(4) 24 bit timers 

35 sq. in. of prototyping area 
Omnibyte two year limited warranty 


Circle no. 6 on reader service card. 





DEVELOPMENT SYSTEM 


e 10/12.5MHz 68000/68010 w/512KB RAM 

e 6-8 serial I/O ports 

e 2-4 16-bit parallel ports 

e 12 slot Multibus card cage 

e 32/5 3/85/90/234/3 78/500 MB 
Winchester hard disk drive 

e 100 MB streaming tape 

e Diagnostic front panel 

e 1.4 Mb floppy disk drive 

e Software available includes Idris*, 
polyFORTH/32** and more 


* Idris is a trademark of Whitesmiths, Ltd. 
* * nolyFORTH/32 is a trademark of Forth, Inc. 


Circle no. 9 on reader service card. 


| A fixed-instruction graplics controller can 


| manipulate the bit map without imterven- 
| tion from the CPU. 








chips would cost about $500. The DP8500 alone costs 
approximately $200. 

The maximum specified pixel clock rate for the 
DP8512 is 200 MHz. Because that rate outstrips all 
video-RAM shift rates, National adds a video shift 
register (the DP8515) to the chip set. A 4-word x 16-bit 
FIFO buffer in the shift register allows for some delay 


| RESOLUTION | THROUGHPUT 
MANUFACTURER | MODEL (BITS) (MHz) 





in the video-RAM shifter outputs. This FIFO buffer 
would be useful in designs that route bit-plane outputs 
over a backplane to an analog card, the company 
speculates. EDN 





Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 


SINGLE VIDEO D/A CONVERTERS 


PRICE 
COMPATIBILITY | (QUANTITY) COMPOSITE INPUTS 











: She ee ee aS 
ANALOGIC AH8308E 8 150 ECL $45 (100) SYNC, BLANK, SETUP, 10% 
BRIGHT 
AH8308T 8 65 TIL $49 (100) SYNC, BLANK, SETUP, 10% 
BRIGHT 
MP8308 8 100 (ECL) 40 (TTL) | ECLORTTL $80 (100) SYNC, BLANK, SETUP, REF 
WHITE 
MP8318 100 (ECL) 40 (TTL) | ECL OR TTL $77 (100) NONE 











MB40788 






MB40748-8 10 (8-BIT ACC) | 20 
MB40748-9 10 (9-BIT ACC) | 20 





MB40776 


SN 


INTECH VDAC 0405 





VDAC 0605 
VDAC 0805 





VDAC 1840 






VDAC 8308THC 
RGB DAC 3400S 






TML1842 
TML1850 
TML1852 








ae emanios § 


*NOT YE LABLE 
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sic 




























= 


$63 (10,000) NONE 





$19.80 (10,000) |NONE 
$24.39 (10,000) |NONE 
$7.31 (10,000) | |NONE 











$44 (100) SYNC, BLANK, SETUP, REF 
WHITE, 10% BRIGHT _ 
SYNC, BLANK, SETUP, REF | 
WHITE, 10% BRIGHT e 
SYNC, BLANK, SETUP, REF _ 
WHITE, 10% BRIGHT —_— 
SYNC, BLANK, REF WHITE, 
10% BRIGHT _ : 
SYNC, BLANK, SETUP, REF 
WHITE, 10% BRIGHT 


SYNC, BLANK, REF RGB 


me 


$67 (100) 





$61 (100) 










TTL/CMOS $24 (100) 










TTL/CMOS $52 (100) 












TTL/CMOS $40 (100) 






10% BRIGHT 
10% BRIGHT 
10% BRIGHT 
SYNC, BLANK, 10% BRIGHT | 


$40-$51 (100) 
$14—$27 (100) 





Tables continued on pg 118 
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Your VME system 
just got faster. 


Eleven new VMEbus modules from Dual can make your 32-bit designs take off. Today. 

Duals full line of VMEbus modules is setting new performance and packaging standards in the 32-bit world. 
Especially among applications that demand high system throughput, fast |/O processing and heavy disk usage. 

For performance, start with our multiprocessor engine, the VMPU-32, based on Motorola’s advanced 
MC68020. Optimized for virtual memory UNIX environments, it rove LIU coxM => diclahVomlalicis eeleao viel meclaalaalelalaen 
tion capabilities, a full megabyte of dual-ported local memory, and up to 32 Kbytes of EPROM. 

Next, add the industry’s fastest, most versatile disk controllers, for both SMD and ESDI formats, 
using Dual’s patented architecture. The SMD controller handles 3drives with 2.4 Mbyte-per- 
Rteohatelte lolioMcel(ccriiatce as) mecelaliceli(-1m alelatel(=<W- elm Polo dione om aela(e Mm Lal-1ame rele mol¥ls 
powerful VME universal storage controller, which handles hard disk, cassette tape and 
floppy disk drives, using both ST-506 and SCSI interfaces. And, for high-pertorm- 
olatecdlal lUl/Aelel olUimarelare| [lao MalarcicciMe Manlelhine Us oXes<-m AON 1kele— so AL Ano) 7 
Movie sKelme (Wem oloaman-lunlela Ace ©) ecelailare Mia -MialelOsunyacelae(elce Miu eielcele 
\/O bus protocol. Plus our compact, 8-port serial 1/O module, which 
mallaliaaly<=cMlalems exe (oom (e].<-18 ©) AOR eLelas 

si ateseManterelel(=<elc=Mell MUlINalavlele(-1elP4-co Mm alelU sco Mane 





































screntUldlate mie meclalsKeldel]ixelilolana nel euaiyvelc mle] ©) clea pmelels 
implementation of UNIX System V, Release 2.0, 
Wet eSfola acme Nell(elelics 
Tena anive Sic milaat=me(-\-11e) elLare) 

your own 32-bit VMEbus solutions when 
ours are ready to go? For full details, 
contact: Dual Systems Corporation, 2530 
San Pablo Ave., Berkeley, CA 94702. 
(415) 549-3854. Telex 230199 SWIFT. - 





THERE’S ONLY ONE 


VAL. 


Unix is a trademark of AT&T Bell Laboratories. 
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TRIPLE VIDEO D/A CONVERTERS 


RESOLUTION 
(BITS/ THROUGHPUT PRICE 
MANUFACTURER | MODEL CHANNEL) | (MHz) COMPATIBILITY | (QUANTITY) COMPOSITE INPUTS 


ANALOG DEVICES | AD9702——sis| 4s mes(eCl) i | BCL OR TTL _ | $50 TO $63 (1) | SYNC, BLANK, REF WHITE = 


75 (TTL) 


TTL $49 (100) SYNC, BLANK 
TTL $93 (100) SYNC, BLANK 
ECL $86 (100) 

TTL $52 (100) SYNC, BLANK 


| TTL/CMOS — | $69(1000) | SYNC, BLANK, REF WHITE 
$36 | SYNC;EUANK 
SYNC, BLANK 


$29.76 (100) | RGB SYNC, BLANK — 


ees sets _ | SYNC, BLANK, REF WHITE, 
. - 10% BRIGHT 
SYNC, BLANK, REF WHITE, 
10% BRIGHT © 


INTECH VDAC 888E ECL $14 49 ) (100). SYNC, BLANK 
RGB DAC 3400 TTL/CMOS $58 (100) SYNC, BLANK, REF RGB 
RGB DAC 3800 TTL/CMOS $90 (100) SYNC, BLANK, REF AND 
: 10% BRIGHT RGB 
RGB DAC 5151 TTL OR ECL $45 (100) SYNC, BLANK, REF WHITE, 
10% BRIGHT 


ANALOGIC AH8304TC 
AH8308TC 
AH8308EC 
AH8404TC 


BROOKTREE | Btio1 
: | Bios 
. : 7 _ —Biaa4 a 
FERRANTI ZN454CJ_ 


HONEYWELL | HDAC34010 


+ +f A RRO ROO 


| es a a ECL = | sas 000) SYNC, BLANK, 10% BRIGHT 









VIDEO D/A CONVERTERS WITH LOOKUP-TABLE RAM 


LOOKUP- 
TABLE 
RAM SIZE/ 
CHANNEL | PRICE 
(BITS) (QUANTITY) 























RESOLUTION 
(BITS/ 
CHANNEL) 







THROUGHPUT 




















MANUFACTURER | MODEL COMPATIBILITY COMPOSITE INPUTS 


— neces 









| HSYNC, oe BLANK, © 






TRIPLE a | 


ANALOG HDL-3805 8 100 ECL 256 x 8 $430 (1) RGB SYNC, BLANK, REF 

DEVICES WHITE, 10% BRIGHT 
HDL-3806 ECL 256 x 8 $463-—$512 (1) | RGB SYNC, BLANK, REF 

WHITE, 10% BRIGHT 







(8) 
oaks 
8 
a 
nod 
on 










ANALOGIC | AH8304TM-—si- 
| OM 
BROOKTREE | Bt452 © 
Bt450 

Bt451 


INMOS, | IMSGI70 










TtLucmos |. -1$65 (1000) | SYNC, BLANK 
50 TTL/CMOS 19x4  |$32 (1000) SYNC, BLANK 
125 TTLICMOS | 260x4 | $105 tas SYNC, BLANK 


— (G5-MHz 

INTECH RGB DAC 8E 8 ECL $434 (100) RGB SYNC AND BLANK 
RGB DAC 3404 | 4 40 -TTL/CMOS 16x4 $79 (100) SYNC, BLANK, REF RGB 

RGB DAC 3405 | 4 40 TTL/CMOS 32 x4 $121 (100) BLANK 

4 

8 










© hhe be 
8 













RGB DAC 3408 40 TTL/CMOS 256 x 4 $195 (100) SYNC, BLANK, REF RGB 

RGB DAC 3808 40 TTL/CMOS 256 x 8 $184 (100) SYNC, BLANK, REF AND 
10% BRIGHT RGB 

RGB DAC 3405S} 4 40 TTL/CMOS 32 x4 $53 (100) SYNC, BLANK 

RGB DAC 5150 | 4 80 TTL OR ECL 16x4 $52 (100) SYNC, BLANK, REF WHITE, 

10% BRIGHT 















SIGNETICS =| NES1SO | 4 110 «| TTLORECL | 










TEXAS T™s34070 |4_ o.- «6th ~COCOC~™Cd a 
INSTRUMENTS 


BLANK 





$24 (100) 








sr jeroseo = [4 ft? mL 46 x4 | $8.50 (10,000) | BLANK 
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Attend The World’s Largest Design 
Engineering Event... K=O 


Spring 
National 







e Find new sources of materials and components from more than 600 leading suppRerss<¢-or 
newest and most advanced CAD/CAM systems @ Examine new state-of-the-art manufacturing technologies 
e Acquire new design ideas ® Discover new applications ® Learn new solutions to design problems 


SPECIAL SHOW FEATURE — Industry’s Tribute to the Design Engineer 


The Show will acknowledge and pay tribute to the tremendous contributions that you and other design 
engineers have made in improving the quality of life throughout the world. Be there and be recognized. 


The Conference: 


Sessions and in-depth Short Courses to keep you up to date with the latest design techniques, 
tools, technologies, materials, and applications available to you today including: 

® CAD/CAM selection, usage and applications © Computer-aided engineering @ Plastics design and 
processing ® Finite elements ® Microprocessor and personal-computer design applications ® Robotics ® 
Designing for automated assembly 


Use this coupon to pre-register for free show admission 

Save Time, Save Money: Fill out this coupon and mail it to arrive before March 10, 1986. Otherwise, 
registration at the Show will cost $15. Use the coupon to request a complete Conference Program and 
Conference registration details. 


Bonus: 


All Conference and Show registrants receive free admission to two concurrent shows: Spring 
National Plant Engineering & Maintenance Show and DEPO ’86, The National Warehousing 
and Distribution Facilities Exposition. 


For more information contact 
Pre-Register Now For Free Admission To Customer Services at (203) 964-8287 


The World’s Largest Design Engineering Event. . . 





Spring 
National 
Design 
Engineering 1. Industry Group (please check one only) 
Show & Conference ™M A OU Metal Products G UO Food, Beverages 
A i B (© Non-Electrical Machinery H (J) Engineering Services 
McCormick Place ® Chicago, Ill. © March 24-27, 1986 C CO Electrical Machinery J © Industrial Distribution 
D () Transportation Equipment K () Construction 
E (© Instruments, Controls L (I Chemicals, Petroleum 
Name fi teed ca PR, es ee Rees CR I ee TS Be al F ( Plastics, Rubber M CJ Other (specify) 
2. Product Categories (check all you are interested in seeing) 
Title Poewe he WR Nec an | Pe Mea Soe) BaP, Deis cts oa de RO ees oe ae Pad A © CADICAM H (© Metals 
B (I) Computers J UO Plastics 
' ' C UO Electrical Components K (J Power Transmission 
Company (Roti (eu Eales Eon tes Ls Eas Ed Vanes es oe eee een ese D UO Electronic Components L © Shapes & Forms 
E (© Finishes, Coatings M () Engineering Svcs./Equip. 
Street era ott fee |e) Sri se ia =e | F (© Fluid Power Components N (© Other (specify) 
G © Mechanical Components 
City NORE oO py SNe Ce a) cae er ei etd a ean Ea state | | J LJ YES, please send me a complete Conference 
Program. 
Zip |_| 1 | | | | TelephoneNo. {J | J-LJ ji J-L_t 1 1 | © YES, my company is interested in exhibiting. Send me 
details. 
Sorry, no one under 18 admitted. ; 
This form may be duplicated for additional registrants. een 
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EDN Miultibus I I/O-Board Directory 


Intelligence, local buses 





preserve viability 
of Multibus I 





Pacing recent developments in computer ar- 
chitecture, systems based on the 9-year-old 
Multibus I spec are using subsidiary 
buses and intelligent I/O boards to offer 
umproved throughput. 


Ed Teja, Western Editor 


Multibus I—a capable, proven architecture for medium- 
performance computing applications—is known for its 
flexibility when compared with Q Bus systems and for 
its power when compared with the STD Bus. But time 
has its way with all things, including bus architectures: 
The advent of increasingly powerful microprocessors 
and the growth of increasingly demanding applications 
have conspired to force designers to use buses with 
more power and more capability than the venerable 
Multibus I can offer. Still, a number of available subsid- 
lary buses and intelligent I/O cards are helping to 
maintain the viability of the Multibus. 

For designers who wish to take advantage of recent 
developments in computer architecture, but who still 
intend to base their systems on Multibus I, two inher- 
ent limitations cause problems: bus width and bus 
bandwidth. The 9-year-old Multibus specification won’t 
handle a full 32-bit design. Its 16 data lines and 24 
address lines are intended for 8- and 16-bit systems, 
and it can’t directly address the memory required by 
many of today’s system designs. These systems are 
dominated by the VME Bus and, more recently, Multi- 
bus IT. 


120 


Some CPU board manufacturers, such as Matrox, 
have seemingly gotten around this limitation of the 
Multibus I specification by producing 32-bit CPU cards 
with 16-bit I/O. This strategy is fine if your rationale 
for moving to 32-bit designs is to take advantage of a 
particular 32-bit processor’s computing power; these 
boards will provide a solution without requiring a 
complete system redesign. If you’re like most design- 
ers, however, youre employing a 32-bit processor to 
improve overall system performance. The restriction to 
16-bit I/O won’t render the desired throughput 
improvement. 


Multiprocessing meets bandwidth limits 


Another trend in computer architectures is multipro- 
cessing: the division of computational chores among 
multiple processors. Today, the state of the art in 
multiprocessing is parallel architecture. Here is where 
the second limitation of Multibus-based systems comes 
to bear: Multibus I systems don’t have the bandwidth to 
support sophisticated multiprocessing. 

Multiprocessor systems typically place a number of 
processors on the bus, an arrangement that would 
overload the Multibus. One approach to resolving these 
problems has been to resort to multicomputing strate- 
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On-board intelligence lets sophisticated communications boards, such as the COM-4 from SBE Inc, relieve the CPU and the Multibus 


of many communications tasks. 


gies rather than multiprocessing. In a multicomputer 
environment, the processing chores are shared among 
multiple computers—transparently to the user. 


Subsidiary buses offload CPU 


To accommodate multiple computers on the Multibus, 
you can begin by adding subsidiary I/O buses. Without 
subsidiary buses, the only path for data, instructions, 
and addresses is the Multibus itself (Fig la). The 
addition of local buses (Fig 1b) gives intelligent control- 
lers direct access to dual-ported memory without both- 
ering the CPU. A variety of board products take 
advantage of these buses to provide system functions, 
such as data transfers to mass-storage devices, without 
overloading the Multibus. 

Such buses include the iSBX, a low-cost local bus; the 
iLBX, a high-speed memory bus; and the Multichannel, 
a high-speed path for block data transfers. These buses 
provide paths that allow specialized processors to gain 
access to data stored in the host computer’s memory. 
Intel Corp’s iSBX 586 board, for example, implements 
Ethernet connections. Priced at $600 (100), the board 
plugs into any host that has an iSBX connector, giving 
the host an intelligent (82586-based) interface to high- 
speed communications via a local-area network (LAN) 
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without using Multibus slots. Multiuser operating sys- 
tems make the system’s interaction with the LAN a 
chore that the CPU doesn’t have to deal with. 

The next logical step in developing more computer 
power around the Multibus is to two allow stand-alone 
computers to share information via other channels. 
Companies like Mesa Technology Corp (Gaithersburg, 
MD) provide bus couplers that connect Multibus-based 
systems to DEC Q Bus or Unibus systems, or even to 
other Multibus systems. 

These boards support DMA transfers between the 
systems, allowing them to share data without affecting 
the host system’s performance noticeably. The result is 
the same as having a specialized processor in the same 
system accessing data via a local bus. 


Adding intelligence 


The main ingredient in maintaining Multibus I sys- 
tems’ viability, however, is the addition of increasingly 
powerful Multibus I cards. Sophisticated, intelligent 
I/O boards, even if they gain access to data through the 
bus, offload the main processor by reducing the amount 
of communication required between the CPU and its 
peripherals. Reducing the necessary communications in 
turn lowers the bandwidth requirements of the system. 
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10 accommodate multiple computers on the 
Multibus, you can begin by adding subsias- 
ary I/O buses. 





Fig 1—Multibus I provides a narrow pathway for contemporar 
modules to share data without loading down the main bus (b). 


In the graphics field, for example, companies such as 
Datacube provide video acquisition, storage, pro- 
cessing, and display capabilities on Multibus cards. 
Datacube’s VG-124 displays 640256 pixels in 64 gray 
levels, and it features scroll, zoom, and high/low resolu- 
tion. Boards like these let you add graphics capability 
without bogging down system performance. 

Certainly, these I/O systems do nothing to alleviate 
the inability of Multibus I to accommodate 32-bit-wide 
data transfers, but they do offer performance increases 
that let you fabricate systems competitive with their 
32-bit kin in certain market niches. 


As a result of the inherent bus-width and bandwidth | 


limitations, Multibus I systems tend to grow outward: 
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y system designs (a). Local buses provide paths that allow intelligent I/O 





These intelligent I/O boards expand a Multibus system 
so that it can meet the needs of the application they 
serve. The I/O boards provide a system growth path, 
whether it is toward more and faster mass storage or 
toward interaction with other computer systems. 


The definition process 

For the purposes of this directory, we’ve grouped the 
boards into two large categories: data controllers and 
mass-storage controllers. The tables include only full 
Multibus I boards. We’ve elected to exclude iSBX and 
other subsidiary buses, which would serve to confuse 
rather than complement this directory. 

The data-controller category (Table 1, pg 124) in- 
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cludes such communications boards as serial I/O, paral- 
lel I/O, and analog I/O. Table 2 (pg 128) lists Multibus I 
mass-storage controller cards. You'll see that multifunc- 
tion controllers are the mass-storage equivalents of 
intelligent I/O cards. These boards handle a variety of 
tape and disk devices rather than simply floppy or 
Winchester disk drives. Industry analyst Joe Jaworski, 
president of Peripheral Concepts (Irvine, CA), expects 
that 48.2% of all controllers will support multiple 
devices by 1988 (Ref 1). These controllers are changing 
primarily to meet the needs of CAD/CAM work- 
stations, which represent the leading edge of affordable 
high-performance computer systems. 

Use this directory as a starting point to determine 


the features you can give your system. The board 
vendors listed will be delighted to tell you of the 
piggyback boards and other options that can extend a 
system’s functionality even further. DN 


Reference 


1. 1985 Controller Concepts, Vol 2, Peripheral Concepts 
Inc, 18003-G2 Skypark Circle, Irvine, CA 92714. Phone 
(714) 250-9510. 
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TABLE 1—MULTIBUS | 1/0 BOARDS | : 


| NUMBER OF NUMBER OF 
|. SERIAL MAX BAUD| PARALLEL 
- VENDOR | MODEL TYPE CHANNELS | RATE LINES PRICE COMMENTS 
-_BURR-BROWN __| MPs01 | DIGITAL _ $325 (1 TO 49) | RELAY OUTPUT 
conmr.ti‘CéSCOi”zsOCCCCiCi OUTPUT BOARD SYSTEM 
-. _ DIGITAL _ $495 (1 TO 49) | RELAY OUTPUT 
OUTPUT BOARD _ | 
MP810 |__| DIGITAL 0 
| INPUT BOARD : 


SYSTEM 
MP8304__ D/ACONVERTER | 4-CHANNEL D/A 
CONVERTER, _ 
8 DIFFERENTIAL 
CHANNELS, 
16 SINGLE-ENDED 
CHANNELS _ 


2 OUTPUT, © 
32 INPUT 


2 OUTPUT, 
64 SINGLE-ENDED | 





















_ | MP8o2 

























-MP8418 _ ANALOG I/O 


_ | ANALOG I/O 









$740 (170 49) |12-BIT 
RESOLUTION 
‘1$535(1T049) |8-BIT  ——t*™” 
, RESOLUTION 
SERIAL 1/O BASED ON 
_. AN 8088; 
INCLUDES 64k- 
BYTE BUFFER 


| LAN BOARD - $2300 SUPPORTS 
| | _ TCP/IP AND X.25 
. | _ PROTOCOLS _ 
DATEL ST70i_ ~_—sCi| ANALOG-10- 16 SINGLE-ENDED | N/A o. $1170 TO CHOICE OF 12., 
, DIGITAL OR $1585 14-, OR 16-BIT 
32 DIFFERENTIA RESOLUTION 


ST-702 ANALOG-TO- $1095 {FOR THERMO- _ 
COUPLE INPUTS; —s_~™ 
8 rtrti“Ci«iW™COWCOdCisCisi 
RESOLUTION’  ~=—_—s 
| 128-dBCMRR 


DIGITAL 
EFDATACORP |BCM-201. |MODEMBOARD |i | ‘| 25M $780 (25TO50)|}WORKS WITH” 
: : _ COAL aC 
INTEL CORP iSXMMAP —_| COMMUNICATIONS : SUPPORTS MAP 
COMMENGINE | BOARD PROTOCOL; 

| INCLUDES 256k 
BYTESOFRAM. is 
SUPPORTS _—C 
ASYNC, BISYNC, 
HDLC, AND SDLC 








CENTRAL DATA 
CORP 









COMMUNICATION 
MACHINERY CORP 



















COMMUNICATIONS | 8 (EXPANDABLE 


iSBC 188/56 
SCJ dBoaap TO 12) 














| COMMUNICATIONS | 3 __ 


COMMUNICATIONS |8 © 
PROCESSOR |. 


SERIAL 1/O 


iSBC 88/45 SUPPORTS 
: | RS-232C, CCITT 
V.24, AND 


| RS-422A/449 


_ |INCLUDES 
ETHERNET  . 
(802.3) CHANNEL 


BASEDONAN —ss—i«w 
8088;INCLUDES «wt 
128k-BYTE 
—S—rt—‘—‘—a€;,MDWs”zése BUFFER 

| mpa-2160 ——s«| SERIAL /O 16 76.8k 0 $2925 (50) | INCLUDES 
BUFFER: _ 
JUMPER, 
SELECTABLEDTE ———i*=s 
OR DCE _ 





“MATROX 

ELECTRONIC 

SYSENSIID sit 
__METACOMP INC MSC-1062_ 






Cre080 






$975 (50) 
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~ VENDOR 
MICROBAR — 


SYSTEMS INC | 


MORROW 


TECHNOLOGIES | 


CORP 


OMNIBYTE CORP 
| | OB68K/OCTAL 


 PLESSEY 


MICROSYSTEMS | 


| PROTEONINC | 


SBE INC 


_ ZENDEX CORP | 


| MODEL / 


| OB68K/230 


_| M68COM 


SYSTECH CORP | 










_| NUMBER OF 
| SERIAL 

| CHANNELS 
/ COMMUNICATIONS | 8 ON BASIC 
| BOARD —_| SYSTEM 
- isis expsnpanie 





















| COMMUNICATIONS 
| CONTROLLER 









eo 
‘SERIALVO ~—‘| 8 
| PARALLELVO = | 0. 


OB68K/INT (S). 










4 . COMMENTS _ 
| EXPANDABLE — 
| BUFFER . 
a ‘MEMORY T TO 512k 
| BYTES | 


|| FEATURES | 

_| OPTIONAL | 

| = TRANSIENT——“(‘CC‘C‘(C 
iL “SUPPRESSION _ - 


Be 
| | SASIAND 
| CENTRONICS- 


PRINTER 















| PARALLEL VO 


| SERIAL /O 


| LAN BOARD 


COMMUNICATIONS: 4 


tL COMMUNICATIONS 
| BOARD 








em 

















COMMUNICATIONS 181175 ( a : 


ae 






gg eee 





DCP-8804 — SERIAL ey SF 















ones : 
| SERIAL 1/0. 
[aso | PARALLEL 1/O 

PARALLELI/O 








COMMUNICATIONS | 8 
| BOARD 


~_ [s2100 (100) | 


ZADC-518 
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_ |ses65 (100) 





| tee eyTE . 
_~=—s|sCBUFFER, 8086- 
__| BASED |  . 
SUPPORTS — 
. PROPRIETARY - 
_ - TOKEN-PASSING | 
. SUPPORTS _ 
. PROPRIETARY _ _ 
a TOKEN-PASSING 
0) | “INCLUDES TWO 
| DMACHANNELS; ~~ 
_ SUPPORTSSDLC, _ 
| Bote. X.25, ‘AND 
| BISYNC 
SUPPORTS SDLC, _. 
_ HDLC, X.25, AND - 
_BISYNC _ 
SUPPORTS SDLC, 
| HDLC, X.25, AND - 
_| BISYNC 2 
| “INCLUDES TWO 
DMA CHANNELS 
| AND A64k- 
. 512k BYTE 
L BUFFER 


ORGANIZED AS 


NINE 8-BIT 
| PORTS | 


“SUPPORTS” 
HDLC, SDLC, AND - 


“ 25 EAOIESES 
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HONEST ENGINE 


An 80286 CPU Board Without Compromise. 
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The MPA-1000 is the only Multibus- 
compatible CPU that taps the full capa- 
bilities of the 80286 microprocessor. An 
honest engine, built to unleash the full 
potential of the 80286 in multi-user, 
multi-tasking or real-time applications. 
And it delivers the power and memory 
for these demanding applications all in a 
single card slot. 

Up to 2 Mbytes of dual-ported zero 
wait state dynamic RAM. iLBX high 
speed memory bus interface. Two serial 
I/O ports, and programmable registers 
which allow flexible memory mapping 
and minimize option jumpers and possi- 
ble configuration errors. 


CIRCLE NO 72 


And for even greater performance, 
simply plug in the optional 80287 
numeric coprocessor and the 82258 
Advanced DMA Controller. 

Don’t compromise. Call or write 
METACOMP today. Discover what makes 
the MPA-1000 the honest 80286 engine. 





THE MULTIBUS BREAKTHROUGH PEOPLE 


METACOMP, Inc 

9466 Black Mountain Road 

San Diego, CA 92126 

(619) 578-9840 

TWX 910-335-1736 METACOMP SDG 


MPA-1000 is a trademark of METACOMP, Inc. 
Multibus is a registered trademark of Intel Corporation. 
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A Few Intimate Questions to Ask 
Your Supplier Before You Buy 
Your Next System Bus Boards: 


1. Who really builds the boards? 5. How much expertise in supermicros 
Your supplier may not be building them . . . just selling them. does your supplier really have? 
Find out. Job shop quality can be risky business. That's a clue to the company’s commitment to the market and 


its ability to deliver advanced technology on a continuing 


2. Is the production facility good enough basis. At Plessey Microsystems, we've been advancing com- 





to meet U.S. and U.K. mil specs? . puter technology since the beginning of the computer age. 
Unless it’s Plessey Microsystems, the answer Is no. Only And we're still doing it. 
Plessey produces each and every board ina facility which 
meets U.S. (AQAP 1&2) and U.K. (DEF. STAN. 05-21) military 6. Can you get truly global technical support? 
specifications for production . . . giving you military quality at You may not need worldwide back-up now, but isn’t it comfort- 
commercial prices. ing to do business with a company that can support you almost 
See : anywhere? 
3. Is your supplier silicon independent? 
Some board level manufacturers are also semiconductor Now, ask Plessey Microsystems. 
manufacturers who have to use their own company’s chips. If you're looking for that one supplier who can give you all4he. 357 
Not Plessey Microsystems. We use the world’s market to get the right answers, and all the right products, services and ye 
best devices at the best prices. pricing. . . plus that priceless ingredient—The Comfort a S 
. Sensation . . . just call Plessey Microsystems. And relax. ,7 AW 
4. How complete is the product line? A 38e 
Does your supplier offer a full range of fully guaranteed *TM Intel *TM Motorola Bd ou 
Multibus* and iLBX, and VERSAbus* memories; and VMEbus ve ae 
memories, CPU's, I/O and development systems? With a fee RSS 
commitment to other major systems? Plus bubble iE EY a QWs 
memory? Plessey Microsystems does. we ene & 
»O 
Plessey and the Plessey symbol are registered Pg . oo 
trademarks of The Plessey Company plc. 7 Oo S 
CIRCLE NO 73 A vA 3S 
7 Dios ey 
7 Pw : 
England France Germany United States ie Wo 
Water Lane BP 74 BahnhofstraBe 38 One Blue Hill Plaza gets Sg 
Towcester 7-9 rue Denis Papin D-6090 Russelsheim Pearl River ef & os 
Northants 78194 Trappes Cedex (0 61 42) 6 80 04 NY 10965 yf Sy ; 
NN12 7JN (3) 0514952 (914) 735-4661 / stay SY & 
(0327) 50312 gf YY IY YF #F s 








DRIVE CHARACTERISTICS 













MAXIMUM 
NUMBER 
OF DRIVES 


SECTOR 
SIZES 
(BYTES) 














CONTROLLER © 
TYPE 


MODEL 


| ERROR 
| NUMBER 


MANUFACTURER DETECTION 
| TAPE ONLY 


oo . | (@ TRACKS) 










CD21/4300 _| MULTIFUNCTION 
(WINCHESTER/ 


FLOPPY/TAPE) 









eee (FLOPPY), _ 
_ | QIC-02 (TAPE) 


ss TAPES, 
4 FLOPPIES 





CIPRICO I INC 


















oo ee | TAPE ONLY 


| 2TAPEDRIVES | N 
| (VeIN. CARTRIDGE) a 






“TAPEMASTER | “TAPE ONLY S TAPE DRIVES | re 


|e TRACKS) 























TaN ANSI BSR X3.101 ‘8 WINCHESTERS, 8, / 26 32. 

_|(DISK), QIC-02 (TAPE) | 4 TAPES | 

~ JANSIBSRX3.101_ ‘(| 8 WINCHESTERS, a 

. . (WINCHESTER/TAPE )_|(o1sk), PERTEC (TAPE)| 4 TAPE DRIVES oa 

iL FIMFIRE 50 Y — |SMD (1.8M - 4 WINCHESTERS ~ 
1 _ _. BYTES/SEC) —Crt—‘“=‘étCL 


| RMrRE a 4A | MULTIFUNCTION 
|. WINCHESTER TAPE) 
Al RIMFIRE 450 MULTIFUNCTION 













_| WINCHESTER ONL 
OU | (@-OR 14-IN.) 
 . REMASTER TAPE ONLY 

J __ | @ TRACKS) 





8TAPEDRIVES ~ — 





_ rea] "WINCHESTER ONLY te 
| jeceun | 
 . o RIMFIRE 7T TAPE ONLY e | 













| QUARTER 


_ “TAPE ONLY 
i MASTER 


oo 4 | (IN. CARTRIDGE) 3 . ; 
COMARK CORP “MT80 : 7 : NA 
| UNInE | 
MT86 TAPE ONLY PERTEC 8 TAPE DRIVES Toesk «= || NIA 
(9 TRACKS) (IN THE 
: / FORMATTER) 


FLOPPY ONLY FOUR 8-IN. AND 
(5V%4- OR 8-IN.) THREE 514-IN. 
FLOPPIES 











TAPE ONLY 
(9 TRACKS) 













































WINCHESTER ONLY © 
(5¥%-IN.) i . i 
“TMULTIFUNCTION__‘[ST506 WINCHESTER) 2 WINGHESTERS, 2 
| WINCHESTER FLOPPY) SA450 (FLOPPY) 2FLOPPIES =| THROUGH ttsi«=C 

_ | MULTIFUNCTION - oS _|ST506 (WINCHESTER), 2 WINCHESTERS, 118 #ij.|sefecc 
| (WINCHESTER/ —_| SA450 LORY). 2 FLOPPIES, | 
_ | HopevaArE: _ — 1QIC-02 (TAPE) =—ssdy. | 1 CARTRIDGE Tape | 







2 WINCHESTERS a 32-BITECC | _ 
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SIZE OF 
BUFFER 
(BYTES) 







HOST 
TRANSFER 
RATE 


























MINIMUM 
INTERLEAVE 


ERROR 
CORRECTION 


SUPPORT 
LEVEL 


OEM PRICE 








"ADDRESSING ‘| (82k OPTIONAL) 


N/A “BLOCK D8/M24_ ie N/A 
(IN THE REWRITES (MASTER) 
FORMATTER) 

11-BIT BURST | TRACK LEVEL | D16/M24 2k (STD), 8k SS $1300 











(MASTER) (OPTIONAL) 









(228 
a 







1 FORMATTER) 

7 N/A 
| ae 
. _FORMATTER) | — 










a ale 
a - ADDRESSING _| (OPTIONAL) 





ADDRESSING 1 
_ 28r 
| ADDRESSING — 
| 24-817 
_ADDRESSING _ 
e45r—CUd 
| ADDRESSING ae 










| 8 TO 32k 
| (OPTIONAL) 

















(NTHE ae 
-FORMATTER) . 


sis BURST Jas — 









"24-BIT | Sek 
_ ADDRESSING | : 


| 24-BiT 
| ‘ADRESSING 2 



















“REWRITES 






_ wre 

_ —(UNTHE | 
| FORMATTER) 

CD "BLOCK . 

| (THE -REWRITES | 

|. FORMATTER) _ 


N/A BLOCK ONBOARD DMA | 1k N/A 

(IN THE REWRITES (8k OPTIONAL) 

ae 
N/A BLOCK 24-BIT DMA 
(IN THE REWRITES 
Sane, 


20-BIT 
ADDRESSING 














[45 
_ ADDRESSING 
























VEL | B16 DATA, _ _ 
aL vere DATA, | 
16/20/24 foo | 

8/6 DATA, | 1 

| 16/20/24 ADD _ 






16M BPS | PROGRAM- | $620 
MABLE 


1.6M BPS 
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HOST CHARACTERISTICS _ 


COMMENTS 


TRIDENSITY TAPE 


__ | COUPLER TO 200-IPS_ 
SPEEDS 


ONBOARD DMA 


OPTIMIZED FOR UNIX, 
ONBOARD CACHE, 
OPTIONAL iLBX DMA 
INTERFACE 


|_| TAPEMASTER—i‘(‘aswstst 
_| COMPATIBLE, Os _. 
| TAPE EMULATION — 
| TRIDENSIIVIAPE 
_ | COUPLER START/STOP_ 

| ORSTREAMING =~ 


— "AUTO-BACKUP/RESTORE. S 





| TRIDENSITY TAPE _. 
— | COUPLER; TAPE SPEEDS. : 
__| 70 1.5M BPS _ _ 


| eae BACKUP 
| ANDRESTORE 


TAPE DRIVES, TO 125-IPS 
SPEEDS 


COUPLER FOR NRZ/PE 
TAPE DRIVES, TO 125-IPS 
SPEEDS 


SUPPORTS DOUBLE- 








“COUPLER FORNAZ/PE 


SIDED, DOUBLE-DENSITY 


FLOPPIES; HAS ONBOARD — 
MATH PROCESSOR 








‘Table contnied 6 on 1 Dg 130 
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/MAXIMUM 
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OF DRIVES 







SECTOR 
SIZES 
(BYTES) 












DRIVE 
| INTERFACE 


| MODEL 


= | | ERROR 
_ MANUFACTURER ____| NUMBER 


CONTROLLER 
| DETECTION 


TTPe 









__ | @ orn) 
- iSBC 220. ~—_—| WINCHESTER ONL’ 
ses ___ | (@- OR 14-IN.) 

C208 —_—| FLOPPY ONLY 
| (6%- OR 8-IN.) 













INTEL CORP - - : 
11k | FIRE CODE 
SS N/A | 







|4WINCHESTERS = | 128 




















| 4 FLOPPIES 































2WINCHESTERS, __ 
| 4 FLOPPIES, 
|4 TAPES 


~ |2WINCHESTERS _ | PROGRAM 


| MULTIFUNCTION _ 
| (WINCHESTER/ 
| sisi CPLOPRY TAPE) 
| iSBC 215G_~—_—s| WINCHESTER ONLY 
— —r—“‘“‘_OOSCS—sSr 


NCHESTER), 2. 
PPY), __ | THROUGH 1k 


OPPY), 


















| WINCHESTER ONL 
| Gv, 8, OR 14-IN) | 


SDC 2203 __| FLOPPY ONLY 














_ |4wincHesters [ize | 32-BITECC 








“INTERPHASE CORP : SFLOPPIEG = ssh 
7 | (6% OR8-IN.) _ THROUGH 1k 





































PROGRAN- 
MABLE 


| woc 2881 32-BIT ECC 





| 4 WINCHESTERS 













| WINCHESTER ONLY | 
(8-IN.) 7 | 

















_ |WINCHESTERONLY |SMD(24M 
_| (8: oF 14-IN.) __|BYTES/SEC) 
_|WINCHESTERONLY |SMD | 
| (6- OR 14-IN.) 

MULTIFUNCTION 


| (WINCHESTER/ 
FLOPPY/TAPE) 











| SMD 2181 — '|4WINCHESTERS |PROGRAM- | 32-BITECC | 


128,256,0R |ECC 
o- |= 
ees 









| SMD 2180 _ 4 WINCHESTERS 7 














2 WINCHESTERS, 
‘| 2FLOPPIES, — 
2TAPE DRIVES 


| $T506/412HP/ESDI 

| (WINCHESTER), 
| SA460 (FLOPPY), 

_ _QIC-02 (TAPE) 

WINCHESTER ONLY | 

(8-OR14IN) = =—s_ | 

MULTIFUNCTION 


(WINCHESTER/ _ 
_ | FLOPPY) 

































4 WINCHESTERS |PROGRAM- | 
| MABLE — 
4WINCHESTERS, | 128, 251 
_ |4FLOPPIES,OR  =|OR512_ 
1FLOPPYAND = 
1FLOPPYTAPE =|. 


| SMD 2190 32-BITECC | — 




























16-BIT CRC 


S2BITECC | 
32-BITECC | 


WINCHESTER ONLY 
| (8 OR 14-IN,) 


WINCHESTER ONLY _ 
GiORBIN) 


|MULTIFUNCTION 
(WINCHESTER/TAPE) _ 


_ | MULTIFUNCTION - 
(WINCHESTER/FLOF 


| MULTIFUNCTION - 


 MINICOMPUTER TECH | MCT 4300. 
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HOST CHARACTERISTICS 











~ Tse or 
| BUFFER 
eee 


HOST 
TRANSFER 























| FLAW. 


ERROR ~ | SUPPORT MINIMUM | OEM PRICE 
SKIPPING INTERLEAVE | (US). 


COnBECTON | 














comments 














| SECTOR LEVEL loon | one SECTOR 
i ADDRESSING. 7 


_ Trai BURST | TRACKLEVE ie 20 ocr [ones SECTOR 


| 1- BIT BURST 





| SINGE OR DOUBLE SIDED, a 
-|SINGLEOR DOUBLE = 
[DENSITY 


IRMKIXEND SUPPORT 


. ae. / ONBOARD iSBX |r i ‘ 












- _ 2 20 24-81 ae 


~ | MATES WITH SBC 217/218, = _ 

__ | CONFIGURED AS iSBC_ 6 

| AND A DATA SEPARATOR - 
| BOARD 


. ‘MATES Wi wiTH isc 21 7/218 


| ONE SECTOR 















“ALSO HAS. SCSI PORT AND 


: | ONBOARD CACHE, SINGLE 
: OR DOUBLE DENSITY 











lee 
‘ADDRESSING, 
‘24mt TONE SECTOR 
ADDRESSING | 


'BAD-TRACK | 

| | MAPPING 

B.BIT BURST |TRACKLEVEL | 20-BIT “NO 
ADDRESSING | 


11-BIT BURST | TRACK LEVEL | 24-BIT 
; ADDRESSING — 


| 41-BIT BURST | TRACK AND 24-BIT tk 
SECTORLEVEL | ADDRESSING | _- 
— | ECC (WIN- ! 24-BIT NA 
| CHESTER) _ |ADDRESSING | 


; RETRY SECTOR- LEVEL oe BIT 7 INA 
MAP ADDRESSING | — 
S-BIT BURST | ee LEVEL |24-BIT 
| : SE TOR LEVEL | AS ORESSING 


6-BIT BURST SECTORLEVEL | 24-5IT 


/ : -41-BIT BURST | TRACK LEVEL 







SOFTWARE 1 
SELECTABLE 




























—-41-BiT ‘BURST 








| UNIX OPTIMIZED, 
| ONBOARD CACHE, 
| IMAGE BACKUP - 


3M-BPS DMA 


ee — 
ONBOARD CACHE © 

























_ ADDRESSING _ a 
_ oe 24-BIT | | Ni ve SS 
: || ADDRESSING 





| 11-BIT BURST 


: 


| 4ARBITRATION MODES — 





Tree BURST | 





‘Table continued on pg 132 
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_ TABLE 2—MULTIBUS | MASS-STORAGE CONTROLLER CARDS (continued) 


DRIVE CHARACTERISTICS 


















SECTOR 
SIZES 
(BYTES) 


MAXIMUM 
NUMBER 
OF DRIVES 














ERROR 
DETECTION 


DRIVE 
INTERFACE 


MODEL 


CONTROLLER 
MANUFACTURER NUMBER 


TYPE 




































128 


| MULTIFUNCTION _  . 
THROUGH 1k 


(WINCHESTER/ 


RAMTRAC 
5317 


2 WINCHESTERS, ~ 






QUALOGY ESDI (WINCHESTER), 
SA450 (FLOPPY), 


| QIC-02 (TAPE) © 


2 FLOPPIES, 1 TAPE 

FLOPPY/TAPE) : 
ST506 (WINCHESTER), 

SA850 (FLOPPY), 


_[-RAMTRAC | MULTIFUNCTION 2WINCHESTERS, | 128 ‘| 32-BITECC 
‘| 62178 (WINCHESTER/ 2 FLOPPIES, 1 TAPE | THROUGH 1k 
i FLOPPY/TAPE) QIC-02 (TAPE) . 


RAMTRAC | MULTIFUNCTION SA1000 | 2WINCHESTERS, | 128 __ | 32-BITECC 
72178 —_—*|_: (WINCHESTER (WINCHESTER), 2FLOPPIES, 1 TAPE | THROUGH 1k| 
_ | FLOPPY/TAPE) SA850 (FLOPPY), _ 

















| QIC-02 (TAPE) 


SCIENTIFIC MICRO | FWD 8001 MULTIFUNCTION SA1000 2 WINCHESTERS, 128 32-BIT ECC 
SYSTEMS (WINCHESTER/ (WINCHESTER), 2 FLOPPIES THROUGH 1k 
FLOPPY) SA850 (FLOPPY) 
FWD 8006 | MULTIFUNCTION ST506, SA850/450 2 WINCHESTERS, 128 32-BIT ECC 
(WINCHESTER/ 2 FLOPPIES THROUGH 1k 
FLOPPY) 
FWD 8007 _| MULTIFUNCTION ST506 (WINCHESTER), | 2 WINCHESTERS, 128 32-BIT ECC 
(WINCHESTER/ SA850/450 (FLOPPY), | 2FLOPPIES,1 TAPE | THROUGH 1k 
FLOPPY/TAPE) QIC-02 (TAPE) 
FWD 8008 | MULTIFUNCTION ESDI (WINCHESTER), | 2WINCHESTERS, 128 32-BIT ECC 
(WINCHESTER/ SA850/450 (FLOPPY), |2FLOPPIES,1 TAPE | THROUGH 1k 
FLOPPY/TAPE) QIC-02 (TAPE) 








4TAPEDRIVES | 512BYTES’ | N/A 
_ | ONTHE 





_ oo FORMATTER) oo 
PROGRAM- |32-BITECC | — 
MBE ULLCCi(‘(‘(‘ UL 
128 =—_—i“‘ié*L 32-BIT. ECG 

THROUGH 1k | 





WESPERCORP ~_||_-‘MB-QIC-2 TAPE ONLY _| aic-o2 
(YIN. CARTRIDGE) __ 
WINCHESTER ONLY | SMD(2.1M 4WINCHESTERS | 
(8- OR 14-IN.) | BYTES/SEC) 


MB506/1000 | MULTIFUNCTION _ | SA1000/ST506 3 WINCHESTERS, 
(WINCHESTER/FLOPPY) | (WINCHESTER), 4 FLOPPIES 
| SA450 (FLOPPY) | 
472 TAPE ONLY PERTEC 8 TAPE DRIVES TO 2k N/A 
(9 TRACKS) (IN THE 
FORMATTER) 
450 WINCHESTER ONLY SMD (1.9M 4 WINCHESTERS 128 32-BIT ECC 
(8- OR 14-IN.) BYTES/SEC) THROUGH 1k | 
451 













XYLOGICS 


MULTIFUNCTION ST506 (WINCHESTER), | 2 WINCHESTERS, 256 32-BIT CRC 
(WINCHESTER/TAPE) __| QIC-02 (TAPE) 4 TAPES THROUGH 1k 
MULTIFUNCTION ESDI (1.2M 2 WINCHESTERS, 256 32-BIT ECC 
(WINCHESTER/TAPE) | BYTES/SEC), 4 TAPES THROUGH 1k 

QIC-02 (TAPE) 


WINCHESTER ONLY SMD (2.4M 4 WINCHESTERS 256 32-BIT ECC 
| @OR14IN) | BYTES/SEC) _| THROUGH 1k 
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HOST CHARACTERISTICS 


sy PRICE | 
COMMENTS 































SIZE OF HOST 
ERROR FLAW SUPPORT BUFFER TRANSFER MINIMUM 
CORRECTION SKIPPING LEVEL (BYTES) RATE 


INTERLEAVE 













24-BIT 


‘| 41-BIT BURST | 
~~ —hE ese | ADDRESSING 


11-BIT BURST 





11-BIT BURST 









24-BiT 
ADDRESSING 









TRACK LEVEL 






6-BIT BURST 
CORRECTION 


16/20/24-BIT 
ADDRESSING 


iSBC 21 5/iSBX 218 
COMPATIBLE 





$1300 
$1200 iSBC 215 COMPATIBLE 
$1000 iSBC 214 COMPATIBLE 
6-BITBURST | TRACKLEVEL | 16/20/24-BIT | ONETRACK | N/A $1200 (SBC 214 COMPATIBLE : 
ADDRESSING i 
N/A BLOCK 8/16-BIT 2k N/A | 
(IN THE REWRITES DATA PATH 
FORMATTER) | _ 
11-BIT BURST | TRACKLEVEL | 8/16-BIT 1.5k N/A PROGRAM- | $2100 
| _ | DATA PATH MABLE Css | __ 
- 11-BIT BURST 8/16-BIT | 1k PROGRAN- $1060 ~—=—seEE@ 
DATA PATH | MABLE  ~—ese 
N/A BLOCK 16/20/24-BIT 3M-BPS DMA | $1695 TRIDENSITY TAPE 
(IN THE REWRITES ADDRESSING COUPLER TO 
FORMATTER) 125-IPS SPEEDS 
11-BIT BURST | SECTORLEVEL | 16/20/24-BIT 3M-BPS DMA $9995 
ADDRESSING a OPTIONAL) 
11-BIT-BURST 4k (DISK), 2.5M-BPS DMA | 1:1 $1695 
512 (TAPE) | 
11-BIT BURST | SECTOR LEVEL 4k (DISK), 512 | 2.5M-BPS DMA | 1:1 $1795 
ne 


11-BIT BURST | SECTORLEVEL | 16/20/24-BIT 3M-BPS DMA 11 $2495 
| ADDRESSING | (Gk OPTIONAL) 



















6-BIT BURST 
oe Or 


16/20/24-BIT 
ADDRESSING 


TRACK LEVEL 







16/20/24-BIT 
ADDRESSING 

















1SBC 220 COMPATIBLE 





























2k 
(8k OPTIONAL) 
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cost less, do more. 


SBE Multibus computers bring out all the 
power of the 68000 in a highly adaptable form. 


The M68CPU above runs at 10 MHz, accessing 
312 KB to 8 MB RAM on companion boards. 
This CPU sets a new standard for multi-user, real- 
time applications. High speed with multi-megabyte 
memory is now possible because SBE’s unique mem- 
ory management unit eliminates all wait states. 
It contains 32 independent maps for task sizes from 
4 KB to 8 MB, permitting rapid real-time task 

es switching. 


Our 

M68K10 
runs at _ 
1OMHz, access- 
ing 128 KB to 
1 MB RAM on the 
same board. This CPU 
is an amazingly powerful 
single-board computer for 
communications, process 
control, data analysis, ATE, and other systems 









M68K10 
computer 


Multibus, iSBX and Multimodule are trademarks of Intel Corp. 


applications. Contains up to 1 MB of dual-ported 
RAM accessible with no wait states. Has a 16-bit 
counter/timer and a 24-bit parallel port right 

on board. 


Both fit in almost anywhere. Both are Multibus/ 
IEEE 796 compatible. With two iSBX Multimodule 
connectors. ‘Iwo multiprotocol serial I/O ports. 
And options like a 68010 in place of the 68000. 


M68K10 boards available from stock in batches 
of 100 for $700. M68CPU’s in batches of 100 for 
$1050. We can offer these super competitive prices 
because we manufacture in-house, in volume. 

And we offer on-going software support hard to 

find elsewhere. All from SBE, Inc., 2400 Bisso Lane, 
Concord, California 94520. TWX 910-366-2116. 


Phone free 800-221-6458 for literature 
mailed today. In California call 415) 680-7722. 





Computer boards and systems. 
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equations quickly 





Differential equations that describe the per- 
formance of various devices can be difficult 
to solve, but you can convert them to inte- 
gral equations and let a small computer 
solve them with Bastc-language programs. 


Ron Rippy, 
National Institute of 
Environmental Health Sciences 


Obtaining analytical solutions to differential equations 
that describe devices such as electronic filters and 
shock absorbers can be difficult or even impossible. 
However, by using your computer’s ability to run 
short, repetitive routines quickly, you can obtain very 
close approximations to most differential equations. To 
solve a differential equation, you first convert the 
equation into integral form and then let the computer 
sum the area under the equation’s curve by rectangular 
integration (Ref 1). 

For example, a resistor and capacitor form a classic 
integrator circuit (Fig 1) whose performance can be 
described by a differential equation. The circuit pro- 
duces a slowly increasing output voltage (EK) after you 
connect the input voltage (Vo) to the circuit. A differen- 
tial equation describes the circuit’s transfer function, or 
the ratio between the two voltages: 


Ko 1 


V, sRC +1 ss 
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1 


V 
: 1F Eo 


Fig 1—A simple RC circuit provides an example that lets you 
explore the use of Basic programs to solve differential equations. 


In Eq 1, s indicates a differential with respect to 
time. The term sE», for example, would represent 
dE,/dt. Conversely, the notation 1/s represents an 
integral with respect to time, so E)/s would represent 
JE,dt. 

The s terms let you quickly rearrange the equation 
and solve it for one unknown. Because you want to find 
out how the integrator’s output voltage, Eo, changes 
after you close the switch, you rearrange Eq 1 and 
solve it for the highest order differential term, sKpo. All 
the lower-order equation terms go on the right side: 


Seay: (2) 


sky = — te 


1 
RG © 
To convert from a differential to an integral equation, 
divide each side of the equation by the highest order s 
term you find on the left side of the equation. In Eq 2, 
the highest order s term is simply s, so dividing each 
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Algorithms solve differential equations by 
applying numerical integration. 


term on both sides of the equation by s yields 


UN ek od 
RC s RC s 
Integral equations are relatively easy for a computer 

to solve because they involve repetitive addition opera- 

tions that the computer does with software loops. To 
solve Eq 3 and produce values of Ey as it changes with 


respect to time, your program must include a statement 
like 


Ko = Ky + Vo. (3) 


E1=T*EK0+E1 


in a short DO or FOR-TO program loop. The program 
statement maintains a running sum (E1) of the output 
voltage. This running sum closely approximates the 
integral of the output voltage. 

In effect, the program uses a rectangular-integration 
technique that finds the area under the Ey vs t curve by 
breaking the curve into narrow rectangles. The pro- 
gram calculates the area of each rectangle in the T*E0 
step and adds the area to the running total, E1. Keep in 
mind that rectangular integration doesn’t give you an 
exact solution for an integral equation. To keep errors 
small, choose a short time interval (t, or T in the 
program code) for the integration program step so that 
the integrator circuit’s output voltage Ey) won’t change 
greatly during the interval. 

Because Eq 3 contains two 1/s, or integral, terms— 
one for Ky and one for V,—you must include two 
summation steps in your program: 


E1=T*E0+E1 
V1=T*V0+V1 


By substituting E1 for E)/s and V1 for V)/s in Eq 3, 
you get the new output voltage from a third program 
line: 


K0=-1/RC*E1+1/RC*V1 


In other words, the integrator circuit’s output voltage 
equals a constant (—1/RC) times the first integral of the 
output voltage, added to another constant (1/RC) times 
the first integral of the input voltage. The program in 
Listing 1 solves the differential equation—now in inte- 
gral form—and plots the results (Fig 2). The computer 
plot shows the results you'll obtain for sample intervals 
(T) of 0.5 and 0.05 sec. 

The result: for the 0.5-sec integration period isn’t 
accurate because the integrator circuit’s output volt- 
age, Ey, varies considerably during this period. When 
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you specify 0.5-sec periods, however, the computer 
requires only seven passes through the program loop 
between lines 1040 and 1090. In complex programs you 
can use longer intervals to check your program and 
obtain rough results quickly. 

Note that the program in Listing 1 calculates the E1 
value and uses it immediately to calculate EO. The V1 
calculation, however, takes place later in the loop, and 
its value isn’t used until the computer makes its next 
pass through the loop. By calculating V1 later in the 
loop, you ensure that the voltage across the capacitor is 
OV at the start of the program, a practice learned from 
experience. 

When the sample intervals are small, you can have 
the computer calculate V1 before it calculates EO. 
When you use large sample intervals, however, the 
order is important. For example, if you choose an 


LISTING 1 


1200 
1912 
1920 
1930 
1949 
195@ 
1260 
1070 
1980 
1990 
1182 


BO,E1,Vi=9 @ VO,R,C=l 
SCALE @,3,@,1 
XAXIS @, .5 @ Y 
MOVE @,9 @ T=.5 
FOR, X=0 TO 3.'SF 
E1=T*EQ+E1 
E@=-(1/R¥*C*E1)+1/R*C*V1 
Vi=T*VO+V1 

DRAW X,EQ@ 

NEXT X 

END 


AXIS @, 


20 


ah eae 3 


1.0 +5 2.0 
TIME (SEC) 


Fig 2—A plot of E, vs t for an RC circuit illustrates that sample- 
interval selection influences the output-voltage calculation. Long 
sample intervals provide poor approximations for the rectangular- 
integration method. 
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interval of 0.5 sec and program the computer to calcu- 
late V1 before it calculates KO, the computer plots a 
0.5V output from the circuit as soon as you close the 
switch—a condition you know can’t exist. 

By reducing the sample interval to 0.05 sec, you 
improve the accuracy of the numerical integration 
because Ey changes only slightly during each integra- 
tion period. When you use a 0.05-sec period, the 
calculated result closely approximates the differential 
equation’s exact mathematical solution, Ej=1—e “*°. 
_ After one second, the accuracy of the results for sample 
intervals of 0.5, 0.05, and 0.005 sec is 18.6%, 1.49%, and 
0.146%, respectively. 


Solve multiple integrations 


The RC integrator circuit requires only a single 
integration of variables. Equations that require two 
integrations are slightly more complex. Consider an 
RLC filter circuit (Fig 3) that requires a second-order 
differential equation to describe its transfer function: 


(4) 


The equation calculates the ratio of the input and 
output voltages after you close the switch and apply 
voltage to the circuit. With w standing for the filter’s 
natural frequency (W in the program code), use the 
relationships w=1/V LC and Q=w:R-C to simplify Eq 4 
and put the highest order derivative term, s*Ko, on the 
left: 


Sept eee Ss ee boos do Ble > ade Wn, 


Q 
Then divide each side of the equation by s? to yield 
a1 Se 1 
By = — 5 Ey & 3 Bo + oF a Vo. (6) 


Now the original second-order differential equation is 
in integral form, and you can use your computer to 
solve it. You must, however, calculate both the first and 
second integral of Ey. Calculate the first integral of Ky 
the same way you calculated it in the program for the 
RC integrator circuit and then integrate the result to 
give the second integral of K0: 


E1=T*E0+E1 
Kh2=T*E1+ E2 
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Fig 3—A typical RLC filter circuit provides an example of a circuit 
that requires two integration steps to calculate its output voltage. 


Calculate the second integral of V) the same way: 


V1=T*V0+V1 
V2=T*V1+V2_ 


Once you calculate E1, E2, and V2, substitute those 
values into Eq 6 and calculate Ey. Your computer 
program requires an equivalent summation step to 
calculate EO: 


EO = —W/Q*E1—W*W*E2+W*W* V2 


You can calculate the second integral of Vo before or 
after the summing equation, but placing the calculation 
after the equation assures you that the program starts 
with a value of OV across the output capacitor. The 
complete Basic program (Listing 2) includes the calcu- 
lations for E1, E2, V1, V2, and E0. When you run the 
program, the computer calculates and plots a damped 
sine wave (Fig 4) as the filter circuit’s output. 

When you close the switch, the RLC filter circuit 


LISTING 2 

2000 E@,E1,E2,V1l,V2=0 @ VO=1 
2019 W=1 @ Q=5 - 

2820 SCALE @,7*P1,@,2 

2930 XAXIS .1,PI/2 @-YAXIS @,.5 
2048 MOVE 9,8 @ T=.@5 

2050 FOR X=@ TO 7*PI STEP T 
2060 E1=T*EQ+E1 

2070 E2=T*E1+E2 

2080 E@=-(W/Q*E1)—-W*W*E2+W*W*V2 
2890 V1=T*VO+V1 

V2=T*V1+V2 

DRAW X,E@ 

NEXT X 

END 


2100 
2112 
2120 
2130 
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Use your computer's ability to run repetitive 
routines that closely approximate most dif- 
ferential equations. 
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Fig 4—A damped sine wave or ringing signal results when you run 
the program in Listing 2. 


responds to the 1V signal by generating a damped sine 
wave or ringing signal with a 1-radian/sec frequency. 
You can test the circuit’s response to other input 
voltages by substituting different values for VO in the 
program. Instead of using a fixed voltage for VO in the 
program, you can include an equation that calculates V0 
voltages that vary with time. 

As a final example of the integration technique, 
consider a tracking filter circuit (Fig 5) that locks onto 
an input signal and tracks changes in frequency, as long 
as they aren’t too great and don’t take place too 
quickly. Tracking filters correct Doppler shifts that 
arise in signals from communication satellites. 

The filter tracks and cancels the slowly changing 
Doppler shifts caused by the satellite’s orbital motion. 
The network passes high-frequency data-communica- 
tion signals because the lowpass filter prevents them 
from generating a correcting feedback voltage. Howev- 
er, the filter passes low-frequency signals and gener- 
ates a feedback voltage that corrects the input signal. 
The feedback circuit is a third-order lowpass filter. 

The tracking filter’s transfer function is expressed in 
the following equation: 


Ko s° 


Vo 3 + 2as? + 2e°s + w 


To solve the filter’s transfer function, first rearrange it 
so that it expresses Ey as the highest order differential 
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Fig 5—A third-order tracking filter generates a feedback voltage 
that cancels slow variations in the input signal. The circuit is useful 
in tracking communication-satellite signals that are subject to the 
Doppler effect. : 


on the left side of the equation: 


s?Bo = —2ws"Ep er: 20°sEKy = PE + g? Vo. 
Next, divide each side of the equation by s’ to solve 


for Eo, and transform the equation into integral form: 
i 1 1 1 

Ky = —2w — Ey — 20? — Ey — w'® — Ey + Vi 
S 9° s? 


To solve Eq 9 and compute values of Ey, you must 
write a program that calculates the first, second, and 
third integrals of Ep. 


E1=T*E0+E1 
K2=T*E1+E2 
H3=T*E2+ E38 
K0=—2*W*E1—2*W*W*E2—-W*W*W*E3+V0 


The complete program (Listing 3) presets the filter’s 
natural frequency (W) to 1 radian/sec. 
When you close the switch, you create an error signal 


LISTING 3 


389 
3819 
3022 
3030 
3042 


E@,E1,E2, E3=@ @ VO,W=1 
SCALE @,8,-.5,1.5 
XAXIS @,1 @ YAXIS @,.1 
MOVE 0, @ @ T=.05 

FOR X=6 TO.8 STEP. .T 
E1=T*E@+E1 

E2=T*E1+E2 

E3=T*E2+E3 
E@=-(2*W*E1)-2*W*W*E2-W* W*W*E3+VO 
DRAW X,E@ 

NEXT X 

END 


3050 
3060 
3070 
3080 
3090 
3180 
3110 
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‘Because chog 
shouldn't bean a 


How can you be sure youre getting 
the best wire—the right wire—for 
all your transmission needs? 
Specify AT&T wire. 

Because nobody gives you 
AT&T's years of experience and 
understanding in designing wiring 
for transmission and computer 
systems. And, nobody can give you 
all of AT&T's product innovations, 
such as dual foam insulation for 
greater data transmission rates; 


























irradiated PVC for tougher wire 
protection; and low friction vinyl 
jackets for pulling wire through 
tight spaces. And, nobody gives 
you AT&T's experts, who will work 
with you to match the right insula- 
tion, shield and sheath to optimize 
the performance of your wire. 

So why make choosing wire 
an adventure when you can be 
sure? Make “The right choice.” 
Call 1800 372-2447 for more 


information about AT&T's full line 
of wire and cable products for 
premise distribution and peripheral 
connections. ©1985 AT&T Technologies, Inc. 


Afst 


The right choice. 
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Fig 6—A plot of output and feedback voltages for a tracking filter 
llustrates how a short computer program (Listing 3) simulates 
complex filter behavior. 


| Mier 0 P ( “A single au d : : of 1V, or an input-signal phase error of 1 radian. The 
| filter counteracts the 1V error by applying an equal and 


/ computer with the , L opposite voltage (VF) to the input signal. The filter 
® can’t act instantaneously, however, and it must conform 

capabilities of the IBM P Co | tothe time constraints of the filter circuit. Consequent- 

| : ly, at first Ey equals Vo, and the filter’s feedback voltage 
but only 3. 9x D. 5D inches | is OV. The feedback voltage increases, however, and 


eventually cancels the error voltage (Fig 6), thereby 

















in size 3 | | tracking the error voltage. 3 EDN 

With the Faraday Micro PC, you can imbed the power ofthe 

IBM PC into thousands of new applications. The Micro PC _ | Author’s biography 

leatures: | Ron Rippy is an electronic engineer 

= Plug-in card * ROM BIOS on board ® 8088 processor with | with the Laboratory of Molecular Bio- 

optional 8087 co-processor * 256K RAMmemory#*32KROM _i|s=sophysics at the National Institute of 

memory " CMOS version optional = 4.77 mhz Environmental Health Sciences in Re- 
You can depend on Faraday to deliver 100% PC BUS compat- search Triangle Park, NC. Ron de- _ 

. signs and maintains nuclear magnetic 

ibility. We supply OEMs in telecommunications, office auto- resonance (NMR) spectrometers and 

mation, industrial automation, instrumentation, manufacturing | has 22 years of experience in design- 

test equipment, medical instruments, point of sale, computer - ing RF circuits and in programming 

terminals and personal computing applications. o 7 computers. He enjoys programming a 


VAX computer at work and includes 


_For more information on the Micro PC or other Faraday rod igi iron Inatetbine Geliptice 


ic 5 PC BUS. single board computers, call us at 408-749-1900. 
__ Faraday Electronics, 743 Pastoria Avenue, Sunnyvale, 7 
ee 94086, TLX 706738. - | Reference 
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oe “Faraday quality: at iy the size. _ 
: “IBM ia teasteres ceatemark of International business Machines Corporation. 

i 0 PC isa trademark of Faraday Eines. ae 
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1. Cushman, R, “Digital simulation techniques improve 
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When Carroll Touch, Inc. de- 
cided to redesign its line of touch 
input products, it had two major 
goals. One was to reduce the num- 
ber of parts by 50 percent. Which 
meant Carroll Touch™ could dras- 
tically cut its manufacturing costs. 
And lower its price in the market. 

The second goal was to build 
in an abundance of flexibility in 
a base product. This would allow 
Carroll Touch to expedite orders for 
custom systems. As well as respond 
to rapid changes in its market. 


ght 1986 by Carroll Touch, Inc. and Motorola. 


Motorola 


Carroll Touch achieved both 
of these goals when it unveiled its 
first model of the Smart-Frame™ 
scanning infrared touch input 
system. And the key ingredient 
was Motorola's MC68705R3 
microcomputer. 

The MC68705R3 with its built-in 
EPROM gave the new Smart-Frame 
unprecedented flexibility. Special 
features could be added or changed 
by reprogramming Motorola's MCU 
instead of replacing tt. 

Because the MC68705R3 is 
a full-function microcomputer, most 
|/O support chips were eliminated. 
And many functions previously 
handled by task-specific hardware 
could now be handled by Motorolas 
MCU through software. 


and Carroll ‘Louch. 
Putting touch technology within reach. 


7 Box 200696, Austin, Texas 78720-0696 


Motorola also satisfied the 
stringent requirements for reliability. 
Serviceability. And price. The 
MC68705R3 costs significantly less 
than its closest competitor. Yet its 
functionality and overall perform- 
ance are significantly greater. 

Fewer parts. More flexibility. 
Higher performance. The successful 
blending of two advanced 
technologies. 

Together Motorola and 
Carroll Touch are putting touch 
technology within reach. 















(512) 440-2990 


FINELY TUNED 








FOR DIGITALTEST 


Flexibility that only comes from experience: 
The RS-670 40 MHz Digital Word Generator. 


If you're going to use a logic analyzer module, 
or custom circuitry, or a rack of pulse generators, 
consider the RS-670 instead. It provides speed, 
flexibility and performance: On-board floppy to 
store test routines e Unique clock periods for 
tables e Dynamic tristate control e Data rates to 
40 MHz e Up to 64 channels, each with 4K bits of 
memory e Table and looping capability e Parallel 
or serial operation e 128K bits of serial memory 
e Remote control by any host computer. 


The RS-670 is our fourth gener- 
ation digital word generator. We’ve 





made each one better and easier to use, without 
the price associated with high speed electronics, 
but with the capability to handle the most diverse 
applications easily. 


Let a hands-on 
demo prove it. Just 
call (818) 914-2741 
today to arrange for 
a demo and fine- 
tune your own test 
program. 


Interface Technology, 2100 East Alosta 
Avenue, Glendora, CA 91740. 
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Floating-point pP 
implements high-speed 
math functions 








This final article in a 3-part series describes how to 
incorporate a floating-point processor into your sys- 
tem. It discusses criteria for the selection of the algo- 
rithms yow'll use, and in particular it details the 
methods used to implement transcendental functions. 





David Quong, Advanced Micro Devices 


If your application must perform a variety of math 
functions at high speeds on a wide range of input data, 
consider designing a math subsystem based upon a 
VLSI floating-point processor. A floating-point pro- 
cessor, a microsequencer, RAM, and ROM, configured 
as shown in Fig 1, together with the appropriate 
algorithms, will allow you to perform most math func- 
tions at real-time speeds with high precision and a very 
large dynamic range. A system of this type will outper- 
form even the fastest floating-point coprocessor. 

The choice of algorithms is an important step in the 
realization of your math processor. You can choose from 
a variety of methods for implementing transcendental 
and other math functions: The Taylor series, the 
Chebyshev series expansion, and the Newton-Raphson 
approximation are just a few of the many possible 
approaches. Which algorithm is the best one for your 
particular application will depend upon what functions 
you want to perform, the hardware architecture you are 
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using, and the system throughput and accuracy you 
expect to receive. 

Many designers select the Taylor series for perform- 
ing math functions. This well-known method allows you 
to find equations for various functions in most books of 
math tables. The Taylor series has a major drawback, 
however: It has a nonuniform convergence rate in the 
number of terms needed to achieve a desired accuracy. 
Consider, for example, the Taylor series expansion of 
the sine function: : 


5 i 
gine) = xa ae 


For values of x near zero radians, this equation 
converges very quickly, but as x becomes larger, you'll 
need a larger number of terms to evaluate sin(x) to the 
same accuracy that you obtained for the smaller values. 

The Chebyshev expansion method, like the Taylor 
method, produces a polynomial approximation, but it’s 
not so well known. The generation of the Chebyshev 
approximation for a particular function is more complex 
than for the Taylor series, but the resulting polynomial 
is just as easy to implement. The major advantage of 
the Chebyshev method is that it has uniform conver- 
gence. Moreover, for any given function, over the 
operating range of the Chebyshev series this method 
yields smaller errors than almost any other method. 
You can usually determine by inspection the upper 
bound of the error; the error of the truncated series 
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A math-processing subsystem incorporating 
a VLSI floating-point processor will outper- 
form even the fastest available floating- 
point coprocessor. 





cannot exceed the sum of the absolute values of the 
remaining Chebyshev coefficients. (For details of the 
derivation of the Chebyshev series, see box, “Deriving 
a Chebyshev series.”) 


Iteration handles simple functions 


For some simple functions such as division and 
square-root extraction, the Newton-Raphson method, 
an iterative approach for approximating such functions, 
works well. When using this or any other iterative 
method, you have to start with a seed, or initial 
approximation. The better this approximation is, the 
faster will be the convergence. You can store predeter- 
mined seed values in a look-up table. This method 
usually requires extra hardware (in the form of ROMs), 
but it gives you flexibility, because you can store seed 
values that are as accurate as you want. 


The chief attraction of the Newton-Raphson method | 


is its rapid convergence; the number of iterations 
required is low. The method converges quadratically, 
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ie, the order of the error is squared by each iteration. 
For example, if the seed is accurate to eight bits, the 
first iteration improves the accuracy to 16 bits, and the 
second iteration improves it to approximately 32 bits 
(variance depends on the magnitude of the error). 
The math processor shown in Fig 1 evaluates 
Chebyshev and Newton-Raphson approximations very 
efficiently. The system performs transcendental (trigo- 
nometric, logarithmic, and exponential) functions by 
the Chebyshev method and division and square-root 
extraction by the Newton-Raphson method. 


Understand the algorithms 


The algorithms for 10 very common math functions 
are described below. You’ll need these functions for 
applications associated with navigation, guidance, 
image processing, signal processing, and many other 
areas. The algorithms for the transcendental functions 
are based on the Chebyshev method and consist of a 
3-stage process. The first stage reduces the range of 
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Fig 1—This math subsystem is based on a VLSI floating-point processor. It performs math functions with high precision and a large. 
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Deriving a Chebyshev series 


The Chebyshev series expansion 
is a procedure for generating a 
polynomial approximation for a 
given math function, f(x). To 
expand the function, you must 
express it as a Chebyshev 
series: 


f(x)=0.5Cy+CiTi(x)+ CoT(x)+. . 


for —1=x=<1, where T,(x) is the 
Chebyshev polynomial of degree 
n given by 


T,,.(x)=cos(n X acos(x)) 


and C, is a coefficient of the 
Chebyshev series. The value of 
C, is dependent upon the 
function f(x). You can determine 
the value of C, by evaluating the 
following relationship: 


2 | | ft) TO) 
Dom V1 os? 
Alternatively, you can obtain the 
C,, coefficients in tabular form, 
for a wide variety of functions, 
from books on mathematical 
tables (Ref 2). 

Examples of the T,(x) 
polynomial include the following: 


C OX. 


T(x) = ecos(0) = 1 

T,(x) = cos(acos(x)) = X 
T.(x) = cos(2acos(x )) 

2 cos’ (acos(x) ) 
= 2x° — I. 


You can generate a polynomial 
equation for a function by 
combining the above equations 
and combining terms with 
common exponents. The 
accuracy of the result depends 
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upon the number of terms you 
use. (If you are interested in a 
formal derivation of the 
Chebyshev method, see Refs 1 
and 2.) 


Expansion for sine function 


If you want to find the 
Chebyshev expansion for the 
sine function, first go to the 
coefficient tables in Ref 2 and 
look up the coefficients for the 
sine function (or calculate them 
from the formula given above). 
Next, determine the number of 
coefficients required to provide © 
the accuracy you want. For 
example, to achieve 24 bits of 
accuracy, the error should be no 
greater than one part in 17 
million. Compare the magnitude 
of this largest acceptable error 
with each of the coefficients. 
The first term that contains a 
coefficient that’s less than the 
error can be the last term in the 
series. It’s common practice, 
however, to include one extra 
term in the series. 

Using the above criteria, you 
need only six coefficients for the 
sine function using sin(427x) in 
order to obtain a result that’s 
accurate to 24 bits. These 
coefficients are 


@ Co=Cgno= +2.552557925 

@ C,=C.n=—0.285261569 

@ C.=Cgn2= +9.118016007 
x10” 

8 C3=Cgin3= —1.365875135 
x10 

] Ci=Coins= +1.184961858 
x10” 

@ C;=Cas=—6.702792 x10” 





Substituting the T,x 
polynomials into the Chebyshev 
series gives 


sin(@e7x) = 
0.5C,) + Cix + C. (2x? — 1) 
+ C; (4x? — 3x) 
+ Cy (8x! — 8x? + 1) - 
+ C; (16x° — 20x°® + 5x). 


Simplifying the terms gives 


sin(4earx) = ap + aX + acx? © 
+ ax’ + x + ax, 


where 


ap=(0.5)Cyp—Cot+ Cy | 
a,=C,—3C3;+5C; 
ao=2C.—8C, 
a3=4C;,—20C; 
a,=8C, 

as=16C;. 


The final result for the sine 
function is a simple polynomial 
equation that you'll find easy to © 
implement. You can precalculate 
the coefficients a) through a; and 
store them in a ROM table. You 
can apply the same procedure to 
any well-behaved function for — 
which you can find or compute 
the Chebyshev coefficients. 


ee uuu uuu 








The Chebyshev expansion method, like the 
Taylor method, produces a polynomial ap- 
proximation, but it’s not so well known. 


the input arguments to values between +1 and —1, 
because the Chebyshev expansion operates only over 
this range. The second stage evaluates the polynomial 
derived from the Chebyshev expansion. The third 
stage performs any postprocessing that may be re- 
quired, such as correction of the sign. 

The detailed descriptions were developed by 
Clenshaw, Miller, and Woodger (Ref 1). They use the 
terms RND and CSERIES: RND indicates that the 
result of the operation must be rounded towards minus 
infinity, and CSERIES indicates that the Chebyshev 
series for the input must be evaluated. 


Range reduction prepares arguments 

The range-reduction steps for the sine function are 

@ x=x(2/m) 

@ x=x—(4(RND(0.25(x+1)))) 

@ Ifx>1 then x=2-x. 
As noted, these steps reduce the input argument to the 
range —1=x=1. You then evaluate the sine function by 
summing the terms of the following polynomial equa- 
tion derived for the sine function: 


sin(x)=x(CSERIES,,(2x?—1)). 


The range-reduction steps for the cosine function are 
@ x=x(2/7) 
@ x=4(RND(0.25(x+2)))—x+1 
@ If x>1 then x=2-x. 
You then evaluate the cosine function by using the same 
polynomial equation as for the sine function: 


cos(x)=x(CSERIES,,,(2x?—1)). 


The range-reduction steps for the tangent function 
are 

@® x=x(2/m) 

@® x=x—(4(RND(0.25(x+1)))) 

@® y=x 

@ If x>1 then x=2-x. 
The Chebyshev polynomial evaluation for the tangent 
function is 


tan(x)=x(CSERIES,,,(2x?—1)). 
You have to perform one postprocessing step: 
If y>1 then tan(x)=1/tan(x). 


You don’t need any range-reduction steps for the 
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arcsine function, because all values outside the range 
—1=x=1 indicate an error condition. For input argu- 
ments in the range x*<%, you evaluate the arcsine as 
follows: 


asin(x)=x(V2(CSERIESasin(4x?—1))). 


For input arguments in the range 4%<x’<1, you evalu- 
ate the arcsine as follows: 


asin(x)=sign(x)(1/2)(V 2—2x*)(CSERIESysin(8—4x2)), 


where sign(x) is the sign of x. 
You use the following trigonometric identity to evalu- 
ate the arc-cosine function: 


acos(x)=1/2—asin(x). 


The range-reduction steps for the arctangent func- 
tion are 

eo: u=x 

@ If ABS(x)>1 then x=1/x, 
where ABS(x) is the absolute value of x. The 
Chebyshev polynomial evaluation is 


atan(x)=x(CSERIESntan(2x?—1)). 
The postprocessing steps are 


If u>1 then atan(x)= + (11/2) —atan(x) 
and 
If u<—1 then atan(x)=—(a/2)—atan(x). 


The range-reduction steps for the exponentiation 
function are 

@ x=x(logve) 

e@ N=1+RND(x). 
The Chebyshev polynomial evaluation is 


exp(x)=2‘(CSERIES,,,(2(N—x)—1)). 


Only positive values are valid input arguments for 
the natural-log function; a zero or a negative value 
should be flagged as an error: 


In(x)=(CSERIES,,(4(mant(x))—3))+(expo(x)—1)(n(2)), 


where mant(x) is the mantissa value of X, €xpo(x) is the 
exponent value of x, and In(2) is a constant value. 
You perform division operations by evaluating the 
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reciprocal function. For example, you can express the 
division operation C=A/B in its reciprocal form, 
C=A(1/B). By using the Newton-Raphson method, you 
can find an iterative expression for the reciprocal 
function. This expression is 


Xi+1=X(2—B(x;)), 


where xX is the initial divisor reciprocal (seed value) for 
i=0, and X; is the ith approximation. 

The square-root function also uses the Newton- 
Raphson method. The iterative expression for the 
inverse square-root function is 


Xi41=0.5(x;(3.0—Ax,”)). 
You then evaluate the square root of A by the equation 
B a A(Xi+ 1) ’ 


where A is the input argument, B is the square root of 
A, Xo is the initial approximation (seed value) for i=0, 
and x; is the ith approximation. 

The principal component of the math-processor sub- 
system described here is the Am29325 floating-point 
processor. The subsystem also contains RAM, bipolar 
PROMs to store coefficients, a subsystem controller, 
and a host interface. The floating-point processor per- 
forms all computations under control of the subsystem 
controller; microcoded programs to perform the func- 
tions you need reside in the subsystem controller's 
PROM. If you wish to modify existing functions or add 
new functions, you merely change the microprogram- 
med PROM. 

The Am29325 floating-point processor (Fig 2) pro- 
vides many features that simplify subsystem design. 
The 3-port, 32-bit I/O structure of the Am29325 avoids 
data multiplexing and allows efficient transfer of infor- 
mation. The 32-bit internal registers and data paths 
allow the chip to store the results of intermediate 
calculations for use in subsequent operations, thereby 
avoiding the delays that transfer of these results to and 
from off-chip storage would entail. Many functions don’t 
need to send data out of the chip until the final results of 
an operation are ready. 

The floating-point-processor hardware detects excep- 
tional conditions and, rather than compounding the 
error until the end of the calculation, immediately 
notifies the host system. The chip notifies the host by 
means of flags that indicate underflow, overflow, inva- 
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Fig 2—This VLSI floating-point processor is fast because it contains 
all the major components for 32-bit operations on a single chip. It has 
one input for an external clock and 17 inputs for instruction-select 
and control functions. 


lid operation, and other error conditions. 

Subsystem data storage consists of a high-speed, 
4-port RAM. You can load the data memory from the 
host computer (using DMA), from the floating-point 
processor, or from an integer processor. You'll need to 
process integers during operations such as isolating the 
exponent and mantissa portions of a floating-point 
word. You can have the host processor perform integer 
processing, or you can arrange it so that the math 
subsystem performs the required operations by incor- 
porating an integer processor chip in your design. 


Learn to microprogram the processor 


Two examples of how to implement math functions on 
the Am29325 floating-point processor will give you an 
introduction to the microcoding procedures you'll use in 
the math processor. Recall, that, for a given division 
operation (C=A/B), the Newton-Raphson division algo- 
rithm begins by obtaining the reciprocal of the divisor 
by means of an iterative equation. A single iteration 
requires just three arithmetic operations: 

@ multiplication: B(x))=u 

® subtraction: 2—u=v 

@ multiplication: v(x))=Xj+. 

You can microcode this procedure with a 3-instruction 
loop that you repeat until you obtain a sufficiently 
accurate value of x;:;. You then perform a single multi- 
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a 





The math processor uses the Newton- 
Raphson method to execute the division 
and square-root functions. 


plication, A Xxj.:, to obtain the quotient. 

The conventional way to obtain a seed is to use the 
most significant 16 or so bits of the divisor as a pointer 
into a look-up table in ROM; the contents of the address 
to which the divisor bits point become the seed output, 
which usually has approximately the same number of 
bits. You might think that use of a 16-bit address would 
require a ROM that’s 64k words deep, but this is not so. 
In floating-point division, you can reciprocate the expo- 
nent and significand separately, each from its own 
table, and then recombine them. Consequently, for an 
8-bit exponent and the eight most significant bits of the 
significand, you require only two tables, each just 256 
words deep. 

You can also trade ROM word width for execution 
time (ie, the number of iterations); doubling the width 
of the significand stored in ROM will reduce reciprocal 
refinement time by roughly one iteration. Convergence 
is specified by the inequality 2/B>1|xy|>0. 

The microcoding for the complete Newton-Raphson 
division is shown in Table 1. The operation requires six 
lines of microcode. In cycle 1, you load the seed into 
register R of the floating-point processor and load the 
divisor into register S. In cycle 2, you multiply the 
contents of registers R and S; the result appears in 
register F. 

In cycle 3, you perform the subtraction, using the 
2—S instruction of the floating-point processor. The 
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____ TABLE 1—INSTRUCTION SEQUENCE FOR 
_ NEWTON-RAPHSON DIVISION ON THE Am29325 _ 











input for port S comes from register F via the internal 
feedback path. The result of the subtraction appears in 
register F’. 

In cycle 4, you perform the second multiplication. 
This operation multiplies the contents of register F (via 
port S) by x; (from register R). The result, x;.,, replaces 
x; in register R. In parallel with the multiplication, the 
microsequencer executes a jump back to cycle 2 to 
begin the next iteration. 

Cycle 5 begins after the last iteration of cycles 2 
through 4. In this cycle, you load the dividend (A) into 
register S and multiply it by the contents of register R 
to produce the final result. This result appears in 
register F’, from which you can unload it via the F bus 
to local data storage or to the host. 

The second implementation example uses the 
Chebyshev method to perform a sine calculation. In the 
polynomial equation that evaluates the sine function, 


CSERIES.n=a t+ ayx +aox?+ agx?+ayx!t asx, 


The range-reduction steps require eight or nine oper- 
ations. Evaluation of the polynomial equation requires 
23 additional operations, including processing of the 
2x*—1 expression. One final operation multiplies the 
result of the polynomial evaluation by x. The sine 
function therefore requires 32 or 33 operations. 

You can, however, save 10 cycles in the evaluation of 
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president of the Technology Research 
Group, and is divided into the following 
tracks: | 
- CAE/CAD Management 
- Systems Applications 
- Logic, IC, and PC Board Design 
- Simulation/Test 

For more information on ADEE™ West 
'86, call (312) 299-9311, or detach and 
mail the coupon below. 


Sponsored by 


EID Electronic Technology for 


Engineers and Engineering 
Managers 
Endorsed by these leading publications 


- Electronic Business - Design News 


- Electronic Packaging ° Semiconductor 
and Production International 


CkG Cahners Exposition Group 
® meet 


ae 
=o 
——o™ 
laa ae technica ' 
—— : ils ON 
ee ‘on including deta \ 
.. istration informal? \ 
S 
\ end advance reg! Mee \ 
A please - Title \ 
A program: 4 
| name \ 
\ Company Aiea : 
Aj ae 
\ address Ss d. GCanners plaza, \ 
| ociates Exposition oreo pyee _—-2 
\ ity coupon for Nest ‘86 pak g0017-° ee 
™ . 2 an 
\ protocoPy ? gil to: D 5 B 960, D ee 
\ rene aB nue, PU: or © Reed Holdings, Inc. 1985 





The floating-point processor hardware de- 
tects exceptional conditions and, rather 
than compounding the error, immediately 
notifies the host system. 


the polynomial equation by applying Horner’s Rule, an 
algebraic method for rearranging components in a 
polynomial. The polynomial equation then becomes 


CSERIES.in=((((asx+ay)x +a3)X +a.)X+a,)X+ao. 


The total number of operations in the sine function then 
decreases to 22 or 23. Evaluation of the rearranged 
polynomial equation is complete in 10 clock cycles. 

In cycle 1, you load x into the S register and a; into 
the R register. Multiply these two operands to produce 
asx. In cycle 2, you load the result of the multiplication 
into the F register, load a, into the R register, and add 
the contents of the F and R registers to yield 


(as X X)+ay. 


In cycle 3, you load the result of the addition into the 
R register; the S register still contains x. Perform RxS 
to obtain 


((as x x) “a a4)X. 


Cycles 4 through 10 perform similar addition and 
multiplication operations, progressively using the 
terms a3; through a. The final result of evaluating the 
polynomial equation is available in the F register after 
cycle 10. 

The ability to perform both simple and complex math 
functions rapidly is critical in systems that process data 
in real time. You won’t yet find many simple, compact 
solutions to this problem on the market. Math-coproc- 
essor ICs are available, but they are still in the low- to 
medium-performance range, and they limit you to a 
microprocessor environment. (Table 2 shows compara- 





tive timings for two floating-point coprocessor chips 
and the Am29325 floating-point processor. ) 

You can design and build your own MSI chip, but such 
a product will require much development time and cost, 
and it will probably be large and consume lots of power. 
Another possible approach is to compute the values of 
the math functions you will need and to store these 
values in ROM, but such a look-up-table method is 
adequate only for small amounts of data. At the present 
time, the use of a math subsystem based upon a VLSI 
floating-point processor with a relatively small amount 
of support circuitry appears to be the most cost- 
effective solution. EDN 
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TABLE 2—TIMING COMPARISON | 
OF SINGLE-PRECISION FLOATING-POINT FUNCTIONS | 


FLOATING-POINT SPEED ADD MULTIPLY 
CH 


6G, 


N/A = TIMES NOT AVAILABLE. 


DIVISION 
(MHz) | (uSEC) (uSEC) (uSEC) __(uSEC) 


SQUARE ROOT SINE — _ COSINE — TANGENT 
=C) 


1. TIMES FOR THE INTEL 8087 WERE DERIVED FROM THE INSTRUCTION CLOCK COUNT GIVEN IN THE INTEL DATA PAMPHLET T (1964). ALL | 
TIMES LISTED ARE WORST CASE. 


2. TIMES FOR THE MOTOROLA MC68881 WERE TAKEN FROM A NEWS ITEM IN ELECTRONIC PRODUCTS, FEBRUARY 1 15, 1985, PG 4 43. 
3. THIS OPERATION IS NOT COVERED BY THE INSTRUCTION SET AND MUST BE IMPLEMENTED BY USING OTHER INSTRUCTIONS. 
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Full Z80° performance 
guaranteed—from the 
company that invented it. 

If your Z80 applications 
are getting too hot to handle, 
it’s time to turn down the wat- 
tage. What better source for 
a low-power CMOS version of 
your favorite CPU than the com- 
pany that designed it in the 
first place? And, nothing has 
been left out of Zilog’s CMOS 
implementation of the Z80 to 
give you the low power, low 
heat, high noise immunity, tem- 
perature tolerances and eco- 
nomical packaging that make 
CMOS technology so attractive. 


We plan to stay the leader 
in 8-bit—in both design and 
delivery. 

The Zilog Z80 family is 
the most widely second-sourced 
chip in history. Amazingly, 
though, there is only one domes- 
tic U.S. supplier committed to 
meeting your 8-bit needs both 
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today and in the future, the first 
source...Zilog. And, Zilog’s 
implementation of the Z80 is 
powerful enough to give you the 
system performance improve- 
ment you're looking for without 
redesigning your application 

to 16 bits. In fact, ordering your 
Z80 from us can be the ad- 
vantage you need when you 
“just have to have” that reliable 
low-cost 8-bit engine. 


The added value of a 
full family of compatible 
peripherals. 

There's more. These 
important peripherals are avail- 
able in CMOS, too: Parallel 1/O 
(PIO), Counter Timer (CTC), 
Serial I/O (SIO), Direct Memory 
Access (DMA) and Clock Gen- 
erator Controller (CGC). 
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The freedom to specify 
CMOS or NMOS as best suits 
your design. 

And, that’s just the 
beginning. Zilog customers will 
soon have the option of speci- 
fying CMOS or NMOS versions 
of every product, 8- or 16-bit, 
that we make. 

Want to know more? It’s 
easy to get all the design and 
ordering information you need. 
Simply mail in the coupon 
or call. Zilog, Components Divi- 
sion, 1315 Dell Avenue, A2-8, 
Campbell, CA 95008; (408) 
370-5992. 


Z80 is a registered trademark of Zilog, Inc. 
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EDITED BY TARLTON FLEMING 


Use simple circuit to program EPROMs 


Richard Poindexter 
Telex Computer Products, Tulsa, OK 


You can program 21V, 28-pin EPROMs (eg, models 
2764 or 27128) using a circuit that occupies little space 
on a pc board (Fig 1). The signal interface consists of an 
8-bit control word and an 8-bit data bus. 

The switching regulator (IC3) provides the EPROM’s 
programming voltage by stepping the 5V supply to 
21V. The 12-bit binary counter (IC,) simplifies the 
generation of EPROM addresses. After resetting the 
counter to 0 by applying a pulse to pin 11, you can step 
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the EPROM through its addresses by applying pulses 
to the counter’s clock input, pin 10. Refer to the 
EPROM data sheet for details on controlling the other 
inputs (QO, Oz, and O; to Or). 

You can verify the contents of the EPROM against 
your original object code by the same process of stro- 
bing the counter for each address and reading the data 
bus for that address. Again, refer to the data sheet for 
details on reading data from the EPROM. EDN 
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Fig 1—Program EPROMs using a binary counter for address generation and a step-up switching regulator to supply the 21V programming 


voltage. 
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Algorithm approximates sum of quadratures 


Grimes G Slaughter to calculate it in hardware, you need expensive analog 

Conray Inc, Oak Ridge, TN multipliers. However, if your application can tolerate 
the resulting error (Fig 1b), you can approximate the 

To calculate the magnitude of a complex frequency, you expression using a simple Basic algorithm that does the 

can use both hardware and software approaches. Un- job quickly. 

fortunately, you need square-root routines (which are The magnitude of a complex frequency is equal to the 

relatively slow) to calculate the expression in software; vector sum (A?+B?’)”° of its quadrature components 


RELATIVE AMPLITUDE OF VECTOR SUM 
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Fig 1—Basic lines 100 and 110 in the accompanying text approximate a vector sum of quadrature components (a). To wmprove the 
approximation, use lines 200 and 210 (6). 
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Fig 2—This analog realization of the Basic algorithm given in lines 200 and 210 is based on inexpensive amplifiers. 
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(dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. 
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cos(2nft) and jsin(27ft), where A and B are the magni- 


tudes of those components. The algorithm is as follows: 


100 C=ABS(A)+0.4142137* ABS(B) 
110 IF ABS(B)>ABS(A) THEN 
C=ABS(B)+ 0.4142187* ABS(A) 


The multiplying constant is chosen for a correct 
approximation (no error) when the vector sum C and 
the reference axis form a 45° angle. At 45° both the sine 
and cosine have a value of 0.7071067, so either must 
have a correction of (1—0.7071067), or 0.2928938, added 
to give the correct vector sum of unity. If K is the 
correction factor, then K=0.29289383/0.7071067, or 
0.4132137. 

The algorithm gives an approximation that is correct 
at 0° and at every multiple of 45° thereafter; in the 
algorithm’s logic, the sine and cosine exchange roles at 
those points. Fig la shows the correct vector sum 


(unity) vs results using the algorithm as functions of the 
vector’s angle with the reference axis. The maximum 
error (1.08239, or about 8%, occurring at 22.5°) may be 
halved by adding a factor of 0.96 to the algorithm 
expressions: : 


200 C=0.96* ABS(A)+0.3976451* ABS(B) 
210 IF ABS(B)>ABS(A) THEN 
C=0.96* ABS(B)+0.3976451* ABS(A) 


Fig 1b shows the result of this modification. 

You can also implement lines 200 and 210 in hardware 
using inexpensive amplifier configurations as shown in 
Fig 2. You can expand the scheme by obtaining addi- 
tional terms from the resistor string to achieve an error 
of 1 or 2%. Further, when inputs A and B are positive, 
you don’t need the absolute amplifiers. EDM 
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Drive stepper motor without missing steps 


Pieter Kleingeld 
Riksuniversitert Utrecht, Instituut voor 
aardwetenschappen, Utrecht, The Netherlands 


The shaft of a stepper motor should advance by one 


NOTE: 
IC; IS AN LM324 QUAD OP AMP 





increment of angular rotation for each digital pulse you 
apply. As the shaft’s rpm value approaches its region of 
mechanical resonance, however, the motor sometimes 
misses steps; ie, its shaft may advance by fewer incre- 
ments of rotation than the number of pulses applied. 


O Vout 
(TO VCO) 


$ 27k 


Fig 1—Using this circuit, you can prevent the missing steps that result when a stepper motor is driven near its resonant frequency. The 


circuit avoids the corresponding inputs to the motor’s VCO controller. 
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analysis, and macro capability. 


Regarding MICROCAP ... “A highly 
MICROLOGIC can put you on line by 


recommended analog design program” 


turning your PC into a productive and (PC Tech Journal 3/84). “A valuable tool 
cost-effective engineering wor kstation. for circuit designers” (Personal Software 

Both of these sophisticated engineering Magazine 11/83). 
tools provide you with quick and efficient MICROLOGIC: Regarding MICROLOGIC . . . “An effi- 
solutions to your simulation problems. Your Digital Solution cient design system that does what it is 
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employs sparse matrix techniques for delays, glitches, and spikes—just like the Sunnyvale, CA 94087 
faster simulation speed and larger net- real thing. (408) 738-4387 
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For systems that use a voltage-controlled oscillator 
(VCO) for motor control, you can avoid missing steps by 
using the Fig 1 circuit to supply the VCO input. The 
circuit output combines a voltage-dependent step wave- 
form with a waveform that is linearly related to Vy. 
The resulting transfer function (Fig 2) skips the out- 
put-voltage range that produces the pulse frequencies 
that cause the motor to resonate. 

For positive values of Vour, component values R, and 
R2 in Fig 1 set the threshold (y) and width (8), respec- 
tively, of the forbidden Vour range (Fig 2). Rs sets the 


Vout 


Fig 2—The circuit in Fig 1 yields this transfer function. Choose R, 
to set the Vour threshold y and Rz to set the Vour range 8 to be 
excluded. 





Fig 3—The dynamic behavior of the Fig 1 circuit exhibits a 
controlled response (set by capacitor C,) and excludes troublesome 
values of Vour. 


overall gain, Vour/Vin, which is reduced for Vin above 
or below the step thresholds. 

Fig 3 shows the circuit’s dynamic response. You 
choose the value of capacitor C, for the desired rate of 
change in Voyr—ie, outside its forbidden zone. (The 
2-wF value shown for the capacitor is typical; in fact, all 
component values shown in Fig 1 are typical.) EDN 
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Pulse generators offer improved performance 


P Gascoyne 
UKAEA, Culham Lab, Oxon, UK 


With certain modifications and additions to a circuit 
(Fig 1) from an earlier Design Idea (Barnett, T G, 
“Pulse generator has variable duty cycle,” EDN, Octo- 
ber 4, 1984, pg 249), you can enhance the performance 
of a variable-duty-cycle pulse generator. 

If only +15V power supplies are available, it’s better 
to attenuate the output of the duty-cycle potentiometer 
(Fig 2b) than to reduce the voltage across the potenti- 
ometer (Fig 2a). Either method produces the desired 
+1V output range, but Fig 2b offers as much as a X14 
improvement in rejecting asymmetrical changes in the 
supply voltages. 

The voltage follower ICc in Fig 1 is not essential for 
buffering the potentiometer. If desired, this op amp 
could instead be used to provide an inverted output. Or, 
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OUTPUT 


10k 


DUTY-CYCLE 
ADJUST 


~15V 


Fig I—This pulse generator offers independent control of frequency 


and duty cycle, and it can be enhanced in several ways. 


using a second potentiometer, it could generate an 
output with a different duty cycle. 
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europac - designed flexibility for 


Microprocessor 
Systems 


Our philosophy: ”a packaging solution of breaking 
down large systems to logical and serviceable func- 
tions”, has found its way into contemporary Micro- 
processor developments. 


Flexibility without adjustment, quality without com- 
promise and availability on demand are typical 
advantages. 


19” subracks, cases, backplanes, WW boards, test- 
adapters, power supplies, powerfail modules, etc. 
— available in kit form or assemblies. 


VME or Multibus Il are typical examples of euroboard 
based Microprocessor Systems to which Schroff offers 
a wide range of cost effective, high 
quality products from stock. 


Distinct marketing advantages 
including a worldwide 
support and availability 
of Schroff europac. 


Information on = — 
standardization and ary, me id ire 
products is available | @ | 
upon request. 
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Some hysteresis via positive feedback (obtained by 
adding 1-kQ and 1-MO resistors, as shown in Fig 3) will 
improve the output stability and shorten the rise and 
fall times. The resistors allow a clean response for 
output frequencies as low as 0.02 Hz. 

By replacing Fig 1’s 2-op-amp (IC, and ICg) triangle- 
wave generator with a generator based on one op amp, 
you can build an economy-version pulse generator using 
a dual op amp (Fig 4). Although Fig 4’s triangle 
waveform consists of exponential rather than linear 
segments, the resulting error is small because the 
timing capacitor charges to only 10% of maximum on 
each cycle. This circuit tolerates power-supply varia- 
tions—a 3V change in either supply causes little effect 
on the duty cycle. 

Finally, you can sweep or otherwise modulate the 
duty cycle by replacing the potentiometer with a suit- 
able ac signal. The deluxe-version swept-pulse genera- 





Fig 2—The divider shown in 6b is preferable to that shown in a 
because it provides more rejection for asymmetrical changes in the 
supply voltages. 
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Fig 3—Improve the low-frequency response of the output stage in 
Fig 1 by adding 1-kQ and 1-MQ resistors to provide hysteresis. 


OUTPUT 





Fig 4—This pulse generator uses one dual op amp and provides 
independent control of frequency and duty cycle. In addition, it 
tolerates an unbalance of 8V or more in the power supplies. 


tor in Fig 5 uses a second low-frequency wave genera- 
tor for the sweeping. EDN 
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Fig 5—A deluxe version of the pulse generator offers a swept duty cycle as an option. 
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FAST ENOUGH 





You can have the fastest system 
one day, and be passed the next. Or 
you can do something about it. 

Like go with the company that 
makes the fastest I/O controllers in 
the business. 

Adaptec. 

Our ACB-5500 and ACB-5580 
controllers can boost your system’s 
throughput by up to 137 percent. 
And since they’re based on SCSI, 
they offer unlimited flexibility. 


© 1985, Adaptec, Inc. 
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The ACB-5500 is the performance 
leader for ST506/ST412 drives. While 
the ACB-5580 is the only Mullti- 
threaded SCSI controller fast enough 
to handle SMD drives. (Yet costs 
about $700 less than a dedicated bus 
controller.) 

Both boards offer Multithreaded 
I/O. Which means you can run up to 
four drives concurrently with true 
overlapped operation. You can even 
upgrade from ST506 to SMD with- 
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NEVER IS 


out having to rewrite your I/O driver. 

So for our latest benchmarks and 
a brochure, call 408/946-8600, ext. 
400. Or write Adaptec, 580 Cotton- 
wood Drive, Milpitas, CA 95035. 

Of course, we should warn you 
that someday someone will build 
controllers even faster than these. 

In fact, were already working 
on them. 


adaptec 
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Calculator performs binary arithmetic 


D G Sporea and V G Velculescu | 
Central Institute of Physics, Magurele, Romana 


Using a binary-arithmetic program called Binarth 
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LISTING 1 


001 fLBLA_ Binary-to-decimal conversion 


010 


020 


030 


040° 


050 


h CF 0 
Cl x 
STO 9 
RCLA 
f x=0 
GT 04 
f GSB D 
RCL 5 
x 

STO 9 
f LBL 4 
RCL B 
f x=0 
GT 05 
f GSB D 
RCL 6 
x 

STO +9 
f LBL 5 
RCL C 
f x=0 
GT 06 

f GSB D 
RCL 7 
x 

STO +9 
f LBL 6 
RCL D 
f GSB D 
STO +9 
RCL 9 
h RTN 


fLBLB Decimal-to-binary conversion 


h SF 0 
STO 9 
RCL 5 
f INT 
STO 8 
f x=0 
GT 07 
f GSB D 
RCL 9 
RCL 8 
RCL 5 


X 


STO 9 
RCL 1 
f LBL 7 
STO 8 
RCL 9 
RCL 6 
f INT 

STO 8 
f x=0 

GT 08 


060 


070 


080 


090 


100 


110 


(Listing 1), you can perform binary arithmetic on an 
HP67 or HP41 handheld calculator. The binary-arith- 
metic capability is useful for checking the results of 
programs and algorithms developed for multibyte 


120 1 180 fLBLE Initiation of registers 5,6, and 7 
0 1 | ie | 


190 STO5 


130 


140 GTO2 


150 gx>y 


160 RCL3 


170 RCL1 
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Getting A DMM? 


KNOW WHAT 





When you invest in a Keithley 
DMM, you're getting the 
benefit of 40 years of experi- 
ence in sensitive electronic 
measurements. You're also get- 
ting extended capabilities—at 
an affordable price—made pos- 
sible by the latest advances in 
solid-state technology. 

That's not all. Only Keithley 
has trend recording and digital 


YOU'RE GET 


calibration in a bench/ portable 
DMM. Keithley’s exclusive 
TRANSLATOR software in 
the Model 193 system DMM is 
a powerful tool for simplifying 
your IEEE-488 programming. 

From basic bench measure- 
ments to sophisticated systems 
applications, a Keithley DMM 
can match your measurement 
needs and budget. 


POR ARS ISS RAUL TRAE TES 





Contact the Product Infor- 
mation Center at the address 
below or at (216) 248-0400 for 
technical information, FREE 
programming guides, or to 
order a 175, 197, or 193 fora 
20-day FREE trial. And know 
what you're getting in your 
next DMM. 

Keithley Instruments, Instru- 
ments Division, 28775 Aurora 
Road, Cleveland, Ohio 44139. 
Phone: (216) 248-0400. 


Model 175 Autoranging DMM 

L] 41% digits 

L] Data logger, relative reference, dB 
|] IEEE-488 interface option 


L] Rechargeable battery pack option 
L] $439 













Model 197 Autoranging Microvolt DMM 
1 5% digits, 220,000 count display 

LJ 1pV, 1mQ, 1nA sensitivity 

1 Data logger, relative reference, dB 

LJ Analog & IEEE-488 output option 

L} $595 


1 Up to 1000 readings/second L] TRANSLATOR software 
[1] 9 measurement functions L] 500 reading memory 


1 Low frequency AC CL] Programmable power-up states 


L] $2100 CIRCLE NO 85 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 


Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 

Title 

Company 
Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 
Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to De- 
sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 





arithmetic in microprocessor systems. The program is 
based on software routines that appeared in an earlier 
Design Idea (Talmor, Shlomo, “Convert binary/decimal 
numbers,” EDN, February 9, 1984, pg 228). 

The Binarth program performs addition, subtraction, 
multiplication, and division for binary numbers as long 
as four bytes. The operands are introduced in binary 
form. The results are presented in binary, but the 
intermediate operations are performed in decimal for- 
mat. Operands and results must not exceed 2-1. 

In operation, subroutine LBL E (line 180) generates 
and stores the first, second, and third powers of 1024, a 
base number (2”) that is compatible with the 10-digit 
calculator display. 

Subroutine LBL A (line 1) converts a binary number 
to its decimal equivalent. You partition the binary 
number into 10-bit groups, beginning with the LSB. 
For a maximum-length 32-bit number, the partitioning 
leaves only two bits in the last (most significant) byte. 
Next, enter each byte into the calculator, from right to 
left, as in the following example: 


10 0011000100 1111110001 0110001100 


Key in 110001100- STO D, 1111110001- STO C, 
11000100- STO B, 10- STO A. Then press key A to 
display the result in decimal form: 2854088156. 

In contrast to subroutine LBL A, subroutine LBL B 
(line 34) converts a decimal number to binary form. To 
convert 2354038156, for example, enter the number 
into the calculator and press key B. You obtain the 
result via the calculator’s RCL function (but you must 
add the required number of zeros to the right side of 
each group so that each contains 10 digits): 


RCL A- 10 

RCL B- 0011000100 
RCL C- 1111110001 
RCL D- 0110001100 


The program uses subroutine LBL C (line 91) to 
convert binary operands to decimal (by calling LBL A); 
the program then executes the required arithmetic 
operation on the decimal numbers and converts the 
result to binary by calling LBL B. EDN 
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You’ve chosen precision Airpax stepper motors before, so when you 
find yourself in the market for a linear actuator, here’s something 

to remember. When we modify a stepper motor to become a linear 
actuator, the change lies in the 
threaded shaft and resulting linear 
motion, not in the Airpax quality 


you've come to know. 
Our linear actuators come 











SHOU LD SELL { O in an array of low, medium 
and high force models with push/pull ratings of less than 21 ozs. to 25 lbs. | 
O he : = iS in increments of .001 to .004” per pulse. Whenever rapid response and | 
design the linear actuator for your specific application. Airpax linear actuators | 
Li a a AR are the ones to depend on, for valve actuation, medical pumps, robotics, HVAC | 
systems and much, much more. | 


precision movement are called for, our engineers are ready to help you 
ACT U AT To get your designs in motion, contact the Airpax Corporation, 












Cheshire Division, West Johnson Avenue, Cheshire, CT 06410. 
@ (203) 272-0301. A North American Philips Company. 
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SCHEMATIC DESIGN 


Running on an IBM PC or compati- 
ble computer, this company’s /SDT 
schematic-capture program allows 
you to place parts, wires, text, and 
other objects on a screen via key- 
board or mouse commands. You can 
move, rotate, replicate, and delete 
selected parts. Possible worksheet 
sizes range from A to E. The pack- 
age features hierarchical schematic 
organization and rubberbanding of 
wires, buses, and blocks. An on-line, 
1200-part library contains TTL and 
CMOS devices, memories, discrete 
components, Ps, and peripherals. 


You can suspend a session and 
switch to DOS command execution. 
The package provides four utility 


‘programs: schematic-output gen- 


eration, net-list creation, design 
checking, and a _bill-of-materials 
file. It requires MS-DOS, version 
2.0 or higher, a 360k-byte floppy- 
disk drive, and 256k bytes of RAM. 
$495. 

OrCAD Systems Corp, 23315 W 
Baseline Rd, Hillsboro, OR 97123. 
Phone (503) 640-5007. 
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PLD DESIGN 


You can use Vista to design sche- 
matics on an IBM PC, PC/XT, or 


PC/AT and translate the design into 


a format that you can program into 
a standard PLD. It uses an optical 
mouse for schematic input and in- 
terfaces to either a 640X400-pixel 
color-graphics display (16 colors) or 
a 640x200-pixel monochrome- 





graphics display. The package in- 
cludes Assisted Technology’s CUPL 
compiler. After you have entered 
your schematic, the package creates 
a net-list file and passes that file to 
the CUPL program for compilation, 
simulation, and verification. Final- 
ly, the compiler translates the sche- 
matic to a standard JEDEC file with 
test vectors. The company’s 160 
Universal Memory/Logic Program- 
ming System can use the JEDEC 
file to program PLDs. The package 
can interface with Data I/O, Stag, 
Kontron, and other programmers. 





THE $1995 
SET PROGRAMMER THAT'S A 


GANG DUPLICATOR. 


When you are ready to program 
production volumes, Data |/O's 280 
Set Programmer doubles as a high- 
speed gang duplicator. With menu- 
driven operation, 3-key control and 
intelligent algorithms, it delivers the 
throughput you need, at a price you 
can afford. Automatic calibration, 
pre-programming tests and a four- 
Pass verity provide the reliability you 
demand. And with set programming 
Capabilities, you can also program 
multiple ERPROMs with different sets 
of data in just one operation — ideal 
for just-in-time production and 
product upgrades. 


DATA 1/O 





The 280 also offers production: 
@ Socket isolation for superior relia- 
bility. H Programming pulse width 
support down to 10 microseconds. 
@ Compatibility with PROMIink™ 
software for error logging and label- 
ing. @ User-installable algorithm 
updates. If Rapid set-up and minimal 
operator training. 



















COMPUTER-AIDED ENGINEERING 








$3395 (without graphics card). 
Valley Data Sciences, 2426 
Charleston Rd, Mountain View, CA 
94048. Phone (415) 968-2900. TLX 
4993461. 
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TEST MANAGER | 


The Boardwatch software system 
collects and analyzes board-test 
data. It interfaces with its manufac- 
turer’s L200 Series VLSI board 
testers. The package features a 
paperless repair system that auto- 
mates the collection and analysis of 
test, diagnosis, and repair data. To 
use this software, you enter the seri- 
al number of each board that you 
test and relay the serial number, 
along with the test results for that 
board, to the system. If the board 
fails its tests and requires further 
diagnosis, you send the board to a 
diagnostic station, where you enter 
the board’s serial number once more 


and relay that number to the test 
manager. The package includes a 
relational-database manager, a utili- 
ty that controls an operator’s access 
to test systems, a utility for moni- 
toring tester use, and L200-system 
interfaces to a LAN. You can modify 
standard report formats or create 
new ones. You can store, catalog, 
and update all jobs on any VAX. 
Conversely, users of L200s can use 
their terminals to access the pack- 
age on a VAX. $75,000 to $200,000, 
depending on the number of L200 
test systems on a network. Deliver- 
ies to begin in mid-1986. 

Teradyne Inc, 321 Harrison Ave, 
Boston, MA 02118. Phone (617) 482- 
2700. TWX 710-321-1055. 

Circle No 352 


FAULT SIMULATOR 

This fault simulator, Megafault, is 
an enhanced version of the Daisy 
Megalogician fault simulator. A con- 


current algorithm and a hardware 
accelerator increase the speed of the 
package’s fault simulations. For ex- 
ample, this unit evaluated a 10,000- 
gate fault simulation in a few hours; 
on a VAX 11/780, the same process 
required a day of computation. The 
fault simulator uses the same mod- 
els and test vectors as the 
Megalogician. $45,000. 

Daisy Systems Corp, 700 Middle- 
field Rd, Mountain View, CA 94043. 
Phone (415) 960-0123. 
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ANALOG DESIGN 


The Analog Designer brings CAE 
to analog boards and circuits. It 
runs.a set of software analog-design 
instruments that help you validate 
your designs. These software in- 
struments consist of mock-ups of a 


digital voltmeter, an oscilloscope, a 


network analyzer, and a function 
generator. The instruments use 






























No other eight-socket EPROM 


Set Programmer can program 


programmer offers set programming 
at a price this low. Data |/O’s 280 


multiple EPROMs with different 
sets of data in just one operation. 





THE $1995 


GANG DUPLICATOR THAT'S A 
SET PROGRAMMER. 


15-DAY TRIAL AT NO OBLIGATION. 
Try Data I/O's 280 Set Programmer 
for 15 days at no obligation. You'll 
discover that no other programmer 
can beat the performance for the 
price. 


You can also use one of two remote 


“control modes to easily operate the 


programmer from your PC or termi- 
nal. When your design is ready for 
volume programming, the 280 Set 
Programmer doubles as a gang 
duplicator, giving you even more 
value for your programming dollars. 
The 280 also offers design 
engineers: Mf 32-bit wide program- 
ming. ff |solated sockets for superior 
reliability. Ml 16-key HEX keyboard. 
M Compatibility with PROMlink™ 
interface and Tile management soft- 
ware. ff User-installable 
algorithm updates. 









Call us today at: 
1-800-547-4000 
Dept. 141. ; 


Mastercard or Visa is accepted. 
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In Oregon or outside the U.S.A. 
call 1-503-684-3000, Dept. 141. 
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COMPUTER-AIDED ENGINEERING 








ValidSpice for modeling circuits. 
You select your software instru- 
ments from a menu on the compa- 
ny’s workstation. Prices start at 
$79,000; to upgrade an existing 
Scaldsystem costs $25,000. 

Valid Logic Systems Inc, 2820 
Orchard Parkway, San Jose, CA 
95134. Phone (408) 945-9400. 
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PC-BOARD LAYOUT 


Because the CT2400 pe-board layout 
system uses the same set of com- 
mands as this company’s other CAE 
products, you can learn how to use 
this layout package quickly. The pc- 
board layout program provides au- 
tomatic placement and packaging of 
components. The router displays 
connections among all components. 


The only power entry module that 
can he called “complete” everywhere 


in the world. 


Introducing The Schaffner FN 390 Filter 


The first truly universal power entry module. 

schaffner’s FN 390 is a single, compact, neat module that has 
integrated every component necessary for complete power entry 
function anywhere in the world... including: 


e High performance RFI filter 
e IEC Connector 


e Universal voltage selector 
e On/off power switch 


e Fuse drawer that accepts either American or European size fuses 


The FN 390 gives you complete acceptance worldwide without the 
need for changes, additions, or adaptations. It's the first truly universal 


power entry module. 


Performance levels to fit your requirements. 
The FN 390 is available in three separate 
performance levels which can meet a variety of 
applications due to its excellent attenuation 
characteristics over a wide frequency — 


range. And incredibly, the FN 390 
is priced comparable to units — 
offering less. | 
If you’re familiar with Schaffner’s 
FN 370 and FN 380 power entry 
modules, you'll recognize the 
FN 390 as a natural extension. 
For more information about the 
universal power entry module series 
(FN 370/380/390), and all three 
dimensions of Schaffner EMC, 
call or write today. 


© S Al @ submitted 


SCHAFFNER 
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e RFI Suppression Filters e EMC Test Equipment @ Test and Application Services 
Schaffner EMC, Inc., 825 Lehigh Ave., Union, NJ 07083 © 201-851-0644 © 1-800-367-5566 
Switzerland: Schaffner Elektronik AG, CH-4708 Luterbach, Switzerland/Telefon 065 4231 31 
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Component interconnections move 
in a rubberbanding style when you 
move components. Both 45 and 90° 
angles are available. Using this pro- 
gram, you can identify critical gates 
during schematic design. The pro- 
gram then automatically packages 
the remaining gates for maximum 
design efficiency. During pc-board 
layout, the program’s interactive 
design-rule checkers point out any 
rule violations. Back annotation fur- 
nishes documentation and schematic 
hard copy. The program runs on 
IBM PC/ATs under the PC-DOS 
operating system. $4250. 

Case Technology Inc, 633 Menlo 
Ave, Menlo Park, CA 94025. Phone 
(415) 822-4057. TLX 506513. 
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DESIGN AND TEST SET 


TestEdge is a set of simulation and 
testing tools that allows you to cre- 
ate fully testable designs. The set 
includes a simulation and test lan- 
guage (STL), testability analysis 
tools, and a graphical fault-simula- 
tor interface. STL’s simulation out- 
put-comparison feature lets you 
model the behavior of your circuit 
and compare the simulation results 
of a logical model and a behavioral 
model. The package interfaces with 
Simucad’s Silos logic and fault simu- 
lator, Spice circuit simulators, and 
the Sentry tester. The software is 
offered as an option to this compa- 
ny’s IC design systems. $16,500. 
SDA Systems, 2461 Mission Col- 
lege Blvd, Santa Clara, CA 95054. 
Phone (408) 727-7811. 
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3 MORE KEPCO/TDK SWITCHERS 
PROVE THAT LOW-PRICED 
DOESN’T HAVE TO MEAN CHEAP. 


Our popular Series MRM — compact, multi output, PC Card switching power supplies for the logic, display, 
communications, and disk drive requirements of CRT terminals and microcomputers — now has five TUV-certified 
members. The power range of the series has been extended to 120 Watts, as the 40-Watt MRM 144KV and the 
60-Watt MRM 250KV are joined by the 80-Watt MRM 260KV and the 120-Watt MRM 270KV and MRM 280KV. 





Like all Kepco/TDK switching power supplies, their 
prices are surprisingly low. But they offer all the most- 
needed features and possess all these well-known 
Kepco/TDK hallmarks of quality: 


Hybrid microcircuits, designed and manufactured 
in-house, provide control, OVP, current limit, and 
Start-up functions. They greatly reduce parts count 
and improve MTBF. 

8mm primary-secondary, 4mm primary-to-ground 
Spacing for the safety requirements of IEC 380/VDE 
0806. All these power supplies have been certified 
by TUV Rheinland, and are UL Recognized, 

CSA Certified. 

Transformers of TDK H7C1 ferrite meet the 3750V 
withstand test of VDE 0806/IEC 380. All chokes also 
have TDK H7C1 cores. 

100KHZz switching for fast response, lower EMI, 
high efficiency, and smaller transformers and 
chokes. 

105°C input capacitors, which store enough energy 
for at least 20 milliseconds holding time. 

Input filters of our design and manufacture 
attenuate conducted EMI below FCC 20780 Class B. 


All components mounted on PC board by 
machines developed in-house. 





































NEW! | NEW! NEW! 


MRM MRM MRM MRM MRM 
270KV 280KV 




















+5V | 0.45-5.0A"|2.0-6.0A(1,)2| 3.0-8.0A | 3.0-15A 
+12V_ | 0.3-2.5A' 0.5-3.0A 
SE  F05A | 003A | OO3A | 
oo (7A peak) 


(1) The maximum combined power for all three outputs is 40W (0-50°C). 
(2) Maximum current, |; + l2= 8A. (3) 8.0A peak. 
oo * Substantial OEM discount available. 






















_ For complete specifications write to Dept. HRF-12 
_ __.__KEPCO, INC. 131-38 Sanford Avenue, 
__ Flushing, NY 11352 USA, (718) 461-7000 
 . TWA: #710-582-2631 
_FAX: (718) 767-1102 
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NEW PRODUCTS: COMPUTERS & PERIPHERALS 











DISK READER 


If you have a DEC Rainbow, IBM 
PC, or compatible computer, you 
can use a CD Massfile to access 
large databases. It reads removable 
compact disks (CDs) that are prere- 
corded with information in a Uni- 
File data format. The unit lets you 
access permanent data stored in 
large read-only databases such as 
encyclopedias, dictionaries, cata- 
logs, and technical manuals. Each 
optical CD can hold 550M bytes of 
information, equivalent to 250,000 
single-spaced typed pages or 1600 
5%-in. floppy disks. The CD Mass- 
file includes a CD reader, a control- 
ler board that supports as many as 


two readers, and diagnostic soft- 
ware. A lighted panel on the reader 
provides power-on, activity, and 
error indications. $1695; each con- 
troller card, $295. 

Tecmar Inc, 6225 Cochran Rd, 
Solon, OH 44189. Phone (216) 349- 
0600. TLX 466692. 
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LIGHT PEN 


The FT-176 light pen provides an 
optical user interface for mono- 
chrome displays. This light pen’s 
circuitry overcomes the problem of 


long-persistence phosphor that 
made previous pens incompatible 
with monochrome displays. You can 
also use the light pen with color 
monitors. When used as a pointing 
device, it simplifies menu selections 
and windowing tasks on a personal 
computer. $235. 

FTG Data Systems, Box 615, 
Stanton, CA 90680. Phone (714) 995- 
3900. TLX 887840. 
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DAISY-WHEEL PRINTER 


The $399 KX-P3131 daisy-wheel 
printer accommodates proportional 
spacing, impression intensity, auto- 
matic justification, superscript, and 
subscript printing. The printer uses 
Diablo 630 ribbons and 96-character 
plastic print wheels and prints 17 
cps. It offers word-processing fea- 
tures like centering, bold print, 
shadow, outline, and single and dou- 
ble underlining. You can select char- 





Vowerta Real-Time 
_In-Circuit Emulators 


MODEL BX-8 seco one 8085, 6809, 8048 series b 


pod selection 


MODEL BX-86 supports 8086, 8087, 8088 
_ @ High level symbolic debugger and powerful debug commanc 


__ language. 
_ @ Trigger types: sequen 

_ © Trigger-pulse outpt 
@ Program run-time time | 
@ Battery back-up RAN for file rte tion 
@ Built-in ROM Program er and er: | 
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VME BUS FILES 








— executive etc. 





These sturdy, brushed aluminum 
p.c. card file assemblies for the 
VME bus have polycarbonate 
card guides on 3/4’ centers and 
are available in sizes holding 5, 9 
and 20 cards. Various options 
are also available to cover your 
specific needs. 


(a) File with fan. Quiet, long 


life fan delivers 100cfm for 
cooling. 


(b) File with motherboard. 
100% tested motherboard 
includes DIN connectors, 
resistor packs with 1/4’ 
blade connectors. 


Whatever your VME bus require- 
ment — file only or file with op- 
tions, UNITRACK can satisfy your 
needs. For other VME bus files, 
such as single high, double high, 
etc., please consult factory. 





UNIITRACK 








UNITRACK Div.. Calabro Industries, inc. 


Goshen Corporate Park, 1372 Enterprise Drive 
P.O. Box 1927 @ West Chester, PA 19380 
Telephone (215) 692-0800 e TWX 510-663-0000 
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Powerful new solution to 





high-speed local networking: 


The 200 Mbp/s 
Fiber Optics Transceiver 


It’s the SUMILINK-DM Series. If you're build- 
ing high-speed LAN capabilities into computers, 
workstations or PBX installations, the Sumilink 
DM-56 offers a powerful competitive edge...now. 


Specify the SUMILINK DM-56—the DIP- 
packaged, PC-mountable module that brings fiber 
optics up to speed and down in cost for high-rate 
optical digital data transmission over distances up 
to 7,000 feet. 


One big advantage: no LDs. The DM-56 inte- 
grates the simpler, more-reliable technology of the 
1300nm LED/PIN detection device. You get full 
compatibility with standard differential ECL cir- 
cuitry. You get 9mm-thick low-profile design that 
lets you save precious board space as well as money. 
You even get the field-mountability of our mini- 
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BNC connectors. So you can stop worrying about 
fiber optics viability and start benefitting from the 
superior performance of small-diameter, light 
weight, EMI/lightning-immune fiber cable. 


Don't stop there; meet the family. The Sumilink- 
DM Series provides long-wavelength capabilities 
for a variety of fiber optics/data communications 
needs, including 40 Mbp/s and 125 Mbp/s opti- 
mized data links as well as 20 Mbp/s and 100 Mbp/s 
DC-coupled devices. For full details and evaluation 
samples delivered from stock, write or call today. 


& 


SUMITOMO ELECTRIC U.S.A. Inc. 


551 Madison Avenue, New York, N.Y. 10022/(212) 308-6444 





nee | 
Lé M-56 i : 
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Btl01. Triple 8-bit VIDEODAC, 50 & 
30 MHz, Monolithic, +5v CMOS, 


40-pin CERDIP. CERDIP. 





Btl04. 12-bit DAC, 35 ns Settling, 
Monolithic, +-5v CMOS, 20-pin 0.3” 


CERDIP. 20-pin 0.3” CERDIP 





Bt444. 4-bit VIDEODAC, 40 MHz, 
Hybrid, +5v CMOS, Pin-compatible 
VDAC 444TD. 


Floekof DACs. 


We promised you the fastest-growing family of high 
speed, high performance data converters and display 
and imaging ICs. And we’ve delivered. 

Our highly-integrated approach to DAC design 
gives you monolithic parts where before you had to settle 
for hybrids, provides TTL-compatible CMOS compo- 
nents where before you had to use power hungry, com- 
plex ECL solutions, and delivers bipolar converters 
running at speeds that make high resolution systems 
eminently practical. 

We'll continue to unveil a flock of important 
new DACs in coming months, putting our technology 
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Btl02. 8-bit VIDEODAC, 75 MHz, 
Monolithic, +5v CMOS, 22-pin 0.3” 





Btl05. 12-bit DAC with latch, 35 ns 
Settling, Monolithic, +5v CMOS, 





Bt452. 4-bit RAMDAC, 16 x 12 Color 
Lookup Table, 40 MHz, Hybrid, +5v 
CMOS, Pin-compatible to RGB DAC 4TD. 
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Btl03. Triple 4-bit VIDEODAC, 75 & 
30 MHz, Monolithic, +5v CMOS, 
28-pin CERDIP. 





Btl06. 8-bit VIDEODAC, 50 & 
30 MHz, Monolithic, +5v CMOS, 
20-pin 0.3” CERDIP. 





Its 8-bits. It runs at 300 MHz. And we'll 


unveil it in April. 





to work to deliver solutions that help you build sys- 
tems worth bragging about. That’s the Brooktree way. 
Make it yours. 

For samples, evaluation kits, or the location 
of your nearest Brooktree representative, call our 
DAC hotline, 1-800-VIDEO IC. Brooktree Corporation, 
9950 Barnes Canyon Rd., San Diego, CA 92121. 


619/452-7580. B | a 


TLX 383 596. 
Brooktree, VIDEODAC and RAMDAC are trademarks of Brooktree Corporation. 
© 1985 Brooktree Corporation. Pat. Pending. 
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COMPUTERS & PERIPHERALS 








acter pitch, line spacing and justifi- 
cation, and margin widths. An 
automatic paper loader feeds single 
sheets and envelopes. You can order 
an optional tractor-feed mechanism 
or cut-sheet feeder. 

Panasonic Industrial Co, Com- 
puter Products Div, 1 Panasonic 
Way, Secaucus, NJ 07094. Phone 
(201) 348-7183. 
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COMPUTERS 


The Fast Series of computers offers 
IBM PC/AT compatibility and a host 
of standard features. Fast-1 comes 
with 640k bytes of RAM, a 1.2M- 
byte 5%4-in. floppy-disk drive, a 
speaker, a 200W power supply, 64k 
bytes of ROM, eight I/O expansion 
slots, a clock/calendar with battery 
backup, a key lock, an 84-key key- 
board, a controller card, and a sock- 
et for an 80287 math coprocessor. 
Fast+ adds a 20M-byte hard-disk 
drive, a serial port, and two parallel 
ports. Both computers are available 
with 1M byte of onboard RAM; ex- 
pansion boards let you configure the 
systems with as much as 16M bytes 
of RAM. Fast-1, $2500; Fast+, 
$3000. 

Innovative Computer Technolo- 
gy Inc, 30 Broad St, Denville, NJ 
07834. Phone (201) 586-2600. 
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SERIAL MATRIX PRINTER 


Featuring interchangeable font car- 
tridges, the MT290 serial matrix 
printer also gives you a choice of 
paper-feed methods. The printer in- 
cludes both tractor- and friction- 
feed mechanisms for rear and bot- 
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tom feeding of continuous-form 
paper, multiple-part forms, or sin- 
gle sheets. The adjustable tractors 


can accommodate paper widths 
from 3 to 16 in. Optionally, you can 
use the printer’s automatic front- 
feed mechanism for cut sheets of 
paper without removing the contin- 
uous-form paper from the tractor 
mechanism. The printer prints 200 
cps in draft mode or 50 eps in corre- 
spondence mode. The plug-in print 
cartridges include Courier, Helena, 
letter Gothic, italic, and modern 
fonts. The printer comes with a 
parallel interface, but optional RS- 
232C, current-loop, and IEEE in- 
terfaces are available. $895; with 

automatic front feed, $1149. 
Mannesmann Tally Corp, 8301S 
180th St, Kent, WA 98032. Phone 

(206) 251-5500. TLX 320200. 
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COMPUTER 


The 6170 computer, a rugged ver- 
sion of the IBM PC/AT, uses an 
80286 processor operating at 8 MHz 
and is 30% faster than IBM’s 7532 
industrial computer, according to 
the manufacturer. The computer al- 


<ol> 


programmabie 
simulation of 


transducers 


+ 4to 20mA, 10 to 50mAdc 


thermocouples 


+ 0.1pV to 10.0Vdce 


and calibration to 


+ 1000V & + 100mA 





Stability and accuracy 

are guaranteed with 
EDC’s new Programmable 
DC Voltage and Current 
Calibration Standard 


Model 520A is: 

m® Accurate (+0.002%) — guaranteed for 
one year. 

@ Highly stable (+20 ppm for 12 months) 

@ Extremely versatile in voltage and cur- 
rent modes 


Voltage + 100mVdc resolved to 0.1pV 
range: + 10Vdc resolved to 10yn.V 

+ 100Vdc resolved to 100u.V 
Current + 10mAdc resolved to 0.01nA 
range: + 100mAdc resolved to 0.1pA 


(+ 100V compliance with vari- 
able limit) 
@ Programmable with zero “crowbar” 
reference 
a <c21-> |EEE-488 (1978) programmable 


@ Priced at $2650 
(1000Vdc range optional $575). 


The 520A is ideally suited for 
the following applications: 


@ Calibration of DVMs, DMM, meters, 
chart recorders, A/D converters, ATE, 
monitors, controllers, logging sys- 
tems, etc. 

®@ Simulation of thermocouples and strain 
gages. (4 to 20 mA and 10 to 50 mA) + 
other transducers. 

Note: compliance voltage up to 100Vdc. 
® Linearity check of amplifiers and func- 
tion modules. | 


For more information call Bob Ross 


Engineering representatives throughout 
the U.S.A., Canada and Mexico. 
Distributors in Europe and selected 
countries throughout the world. 


fag ELECTRONIC 
we) DEVELOPMENT 
BA CORPORATION 


11 Hamlin St., Boston, MA 02127, U.S.A. 
Tel: (617) 268-9696. 

TLX: 951596 (ELECDEVCO BSN). 
Cable Addr. ELECDEVCO BOS 
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lows either software or hardware 
selection of 6- or 8-MHz operation. 
Its 12 expansion slots accommodate 
either PC/AT- or PC/XT-compatible 
boards. The computer comes with a 
200W international power supply; a 
250W supply is optional. Housed in 
a metal, rack-mountable 19-in. en- 
closure, the computer has dual cool- 
ing fans for operation to 122°F. You 
can add as many as three disk 
drives, including 360k- or 1.2M-byte 
floppy-disk drives and 10M- to 44M- 
byte Winchester drives. Options in- 
clude a tape-drive backup, 2M bytes 
of bubble memory, and nonvolatile 
EPROM expansion. The front panel 
locks to prevent unauthorized ac- 
cess to the power and reset buttons 


and the disk drives. From $4000. 


ISI International Corp, 1275 
Hammerwood Ave, Sunnyvale, CA 
94089. Phone (408) 743-4800. TWX 
910-339-9369. 
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STREAMING-TAPE DRIVE 


The Roadrunner is a %-in., half- 
height streaming-tape drive that 
stores 60M bytes of data for disk 
backup. The drive comes with a 
standard QIC-36 interface. Its sin- 
gle-axis head-positioning mecha- 
nism. eliminates head-registration 
problems, facilitates QIC-24 format 
implementation, and provides reli- 
able cartridge interchanging among 
drives. An automatic gain control 
ensures correct data recognition. If 
your application requires start/stop 
capability, you can override the 
standard streaming-tape mode. The 
drive uses low-power CMOS circuit- 
ry and a brushless de motor for 20W 
power consumption at a 100% duty 
cycle. Its dimensions are 
0.20X8X1.63 in. Less than $500 
(1000). 

North Atlantic Industries Inc, 
Peripheral Products Div, 60 Plant 
Ave, Hauppauge, NY 11788. Phone 
(516) 582-6060. 
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(OU ASKED FOR A FAST VMEbus 12” TAPE CONTROLLER THAT 
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Tapemaster 3000 design engineers Bob Simning and Larry Hull 


WE RESPONDED WITH THE TAPEMASTER 3000 © 





From our unequalled experience as the leading 
supplier of Multibus compatible half inch tape 
controllers, we developed a new controller 
architecture for the VMEbus. We call it the “Dual- 
ranked FIFO?’ 


The Dual-ranked FIFO is comprised of a 4 Kbyte 
Data FIFO and a proprietary, VLSI based, 32 byte 
Short Burst FIFO. The 4 Kbyte Data FIFO is 
coupled to the tape interface through a 2-level 
pipeline that enables read/write data rates up to 2 
Mbytes/second. The 32 byte Short Burst FIFO 
links the Data FIFO to the VMEbus and is 
designed to attain burst transfer rates greater than 
10 Mbytes/second. 


With this architecture we've given you the ability to 
operate the slowest start/stop to the fastest GCR 
caching tape drives at maximum efficiency on the 
VMEbus. You’ve asked us for the highest 
So products possible. At Ciprico 

we listen ... and respond. 


UNIX is a registered trademark of AT&T. Rimfire, Tapemaster and Ciprico are all registered trademarks 
of Ciprico Inc. 
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WOULD ALSO OPTIMIZE YOUR SYSTEM’S PERFORMANCE 
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Other Tapemaster 3000 features include: 


© 32 bit addressing, 8, 16, or 32 bit data transfers © 

e Programmable interrupt level and interrupt vector 

¢ Hardware byte-order swapping 

e Supports pass-through commands with optional 
parameters to support vendor-unique features 

e Three cable exit options: through P2, from on-board 
connector, or through additional face-plate 

e Scatter Read/Gather Write 

e Reads or writes tape records of unknown and 
unlimited record length 

e Device drivers for many operating systems 
including UNIX V and UNIX BSD 4.2 

¢ Companion board to the Ciprico Rimfire 3200 
VMEbus SMD-E disk controller 


For information about our full line of Rimfire and Tape- 
master products contact us at the following locations: 


Ciprico Inc. European Office: 

2955 Xenium Lane United Kingdom 
Plymouth, MN 55441 Phone (0276) 682-149 
612/559-2034 Telex: 858306 
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WHEREVER YOU SEE LCDS 
YOU WILL SEE OPTREX 


Optrex liquid crystal displays, both custom 
and standard designs, are found in automo- 
tive dashboards, office equipment, tele- 
communications, industrial and medical 
instrumentation, plus an entire range of 
other applications. 





With the combined strengths of it's parent 
companies — Asahi Glass and Mitsubishi 
Electric — Optrex is a specialist in develop- 
ment, design, and the manufacture of LCD's. 


The vast selection of standard LCD products 
by Optrex consists of: 


e Seven-segment display panels 





TIME-DELAY RELAYS 


The ERD and OR Series time-delay 
relays are designed to eliminate the 
need for hand wiring during board 
assembly. The ERD Series features 
digital timing circuits and plastic 
housings. The dpdt output has a 
10A rating. You can order the relays 
with remote adjustment, onboard 
adjustment (knob and dial), or with 





e Aloha-numeric dot matrix modules 
with on-board character generator 


e Full dot graphic modules 
Options include: 

e E/L backlighting 

e Wide temperature range displays 
With the combination of selection, avail- 


ability, price, and above all, quality, you can 
see why so many have chosen Optrex LCD's. 


~ 
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Call the OPTREX LCD specialists at: 


ASAHI GLASS EMP. CORP. 
26533 Evergreen Road, Suite 533 
Southfield, Michigan 48076 U.S.A. 


Telephone (313) 557-0018 


OPTREX CORPORATION 
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a fixed delay. Time delay ranges 
from 100 msec to 15 minutes, and 
repeat accuracy specs at +0.5%. 
These devices are available in delay- 
on-make, interval, and single-shot 
versions. The OR Series units fea- 
ture an open board construction and 
use an analog timing circuit. The 
output relay (spdt or dpdt) has a 
10A rating. Delays range from 50 
msec to 5 minutes, and repeat accu- 
racy specs at +2%. ERD Series, 

$15.64; OR Series, $12.83 (500). 
SSAC Inc, Box 395, Liverpool, 

NY 18088. Phone (315) 622-1000. 
Circle No 364 





MOTOR CONTROLLER 


The SMC-202A provides computer 


or manual control of one or two 


stepping motors and comes in a 
sloped-front cabinet that includes all 
necessary power supplies, motor 
drives, and an RS-232C interface. 
Both rack-mount and circuit-board 
versions are available. A wP con- 
trols motions, including acceleration 
and deceleration ramping, stored- 
program control, relative and abso- 
lute positioning, and automatic 
backlash compensation. The RS- 
232C port and an optional GPIB/ 
IKEE-488 bus allow simplified in- 
terfacing to computers, controllers, 
and terminals. Programming com- 
mands are single-letter mnemonic 
codes. Manual control features in- 
clude a front-panel momentary tog- 
gle switch to run the motors, a 
front-panel speed control to adjust 
the stepping rate, and an optional 
joystick control to provide remote 
manual control of the two axes. Op- 
tional digital displays allow you to 
monitor the motors’ positions at all 
times. $995 (single-motor drive); 
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In addition to monitoring 
bus activity, you can simulate 
dynamic-data updates in real 
time. That means that If you 
are developing a new prod- 
uct that is going to work on 

a MIL-STD-1553 bus, 
you can 





Systems Integration: | 
The SSA 100 can simulate expensive or 
non-existent hardware and software. 


user programmable processing 
algorithms and conversions. 
Introducing a new You can then display the pro- 
real-time Systems Integration tool cessed data in real time, 
by means of tables, 


Process MIL-STD-1553 graphs and charts 


data in real-time and S epabillty 
simulate up to eight 1553 
buses simultaneously with _,,..., 


the new SSA 100 can also be pro- 


grammed to distrib- 


The new SSA 100 (Serial generate simulated remote ute this processed data 
Systems Analyzer) is the first terminals (RT) and bus through the many available 
and only commercially avail- controller (BC) responses, interfaces such as IEEE 488 
able pre-processor/ awe and doitinreal 2 RS 232, analog/digital out- 








simulator that werd a GT Le puts, and to mass 
esses real-time data — = ™ storage devices inclu- 
on the MIL-STD-1553 data © ding digital tape and 
bus. Now, not only can you disk controllers. 


time on pe 
Ligh ie gl iebantat as many as eiaht MIL-STD- If MIL-STD-1553 avionics Is 
Bene at coacific aes 1553 dual-redundant buses Your arena, then the SSA 100 
p simultaneously. will help you save time and 


values and perform data monev. Contact Loral 
analysis and reduction with The SSA's modular system pete de cman today. 


the all new SSA 100 embed- architecture offers many 
ded in a proven parallel-pro- OPtional features that make 
it easier for you to integrate 


cessing system architecture. = 6 tact MIL-STD-1553 prod- 
ucts. Some options include 
IRIG time code generation 
and correlation capability, 
analog/discrete input and 
output capability, automatic 
error and limit checking, as 
well as a bi-directional DMA 


channels your hast ll (L({(C)[RJAN LL 
PEE oe puter. The DMA allows the 
Sen ot SSA 100 to function as a pre- INSTRUMENTATION 


processing element within qa “SUBSIDIARY OF teareae CORPORATION 





system. 8401 Aero Drive 
As a stand-alone, the SSA San Diego, California 92123 
Flight Dynamics Simulation: 100 can pre-filter MIL-STD- (619) 560-5888 Telex 695222 


The SSA 100 substantially reduces the 1553 data and pe rform 
time required to write real-time 


software in the host processor. various pre-programmed or 
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© THEFASTEST 
SAMPLE-AND-HOLD AMPS IN THE GALAXY? 
AS FAR AS WE KNOW, YES! 


Galaxy’s Fastest: Performance Leader: Universal: 
HA-5330 HA-5320 HA-2420 & HA-2425 


This sample-and-hold’s acquisition For a wide range of 12-bit high-speed Add an external hold capacitor and 
time:-0.5 ys to 0.01%! That beats all data acquisition systems: acquisition HA-2420 or HA-2425 becomes a high- 
other monolithics known to man. It time, 1.0 vs to 0.01%. It includes an performance sample-and-hold amp with 
also includes a 90pF hold capacitor internal 100pF hold capacitor with acquisition time of 3.2 us to 0.01% or 
dedicated to high-speed performance. the option to add capacitance exter- extremely low droop rate (for slower 
Impressive specs: nally. Impressive specs: operation). Impressive specs: 
e Acquisition time: 0.5 us e Acquisition time: 1.0 to 5 us e Acquisition time: 3.2 to 500 ys 
¢ Droop rate: 0.01 pV/us (fixed) ¢ Droop rate: .05 to .005 pVius ¢ Droop rate: .005 to .000005 pViys 
(No external hold capacitor) (For OpF to 1000pF of added (For 1000pF to 1,000,000pF of 
© DC gain: 2x10’ V/V capacitance) added capacitance) 
e Aperture time: 20 ns e DC gain: 2x10® V/V e DC gain: 5x104 V/V 
e Hold step error: 0.5 mV, adjustable e Aperture time: 25 ns e Aperture time: 30 ns 
to zero e Hold step error: 1.0 mV e Slew rate: 7V/us 


All three members of the Harris sample-and-hold amplifier family can operate at gains greater than 1, eliminating the need for external 
scale amplifiers in many cases. In addition, they are specified for operation with +15 Volt supplies, but they work well from +12 Volts to 
+ 18 Volts. Options include 14-pin dual-in-line or 20-pin surface-mount packaging plus either military or commercial temperature ranges. 
Applications include: automatic offset zeroing, peak detector, de-glitcher, gated op amp, and input conditioner for a wide range of analog- 
to-digital converters. 

For information contact Harris/MHS Semiconductor Sales Ltd., Eskdale Road, Winnersh, Wokingham, Berks, RG11 5TR, England. 





Harris Semiconductor: Analog - CMOS Digital - Gallium Arsenide - Semicustom - Custom - Hybrids 
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$1170 (2-motor drive). 

Maxwell Electronics Inc, Dept 
C, Box 12083, Research Triangle 
Park, NC 27709. Phone (919) 846- 
1633. 
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CONNECTORS 


Series 266 IEEE-488 shielded pc- 
board connectors are available with 
0.125- and 0.17-in. tail lengths. 
They are preassembled to ease 
board installation. A plug version is 
available in grid patterns measur- 
ing 0.085 0.151 in. or 0.085 0.160 
in.; a receptacle version comes in 
0.085 x0.169-in. or 0.085. x0.160-in. 
patterns. Both versions are avail- 
able in 24-, 36-, and 50-position ver- 
sions. You can choose from a variety 
of screw-lock hardware kits and 
grounding straps, depending on 
your application. The connectors 
feature copper-alloy contacts with 
selective gold-over-nickel plating on 
the mating end and tin on the tail. 
36-position connector, $2.14 (5000). 
Winchester Electronics, Main St 
and Hillside, Oakville, CT 06799. 

Phone (203) 755-5000. | 
Circle No 366 





THERMAL PRINT HEADS 


able for graphics applications, the 
devices print on a thermal roll or 
label stock, or print through ther- 
mal transfer ribbon onto plain 
paper. Printing time is 4 msec per 
cycle (2 msec on; 2 msec off) for dot 
densities as high as 102 dots per in. 
and speeds as high as 4 in./sec. The 
dot line is along the substrate edge 
for early last-line visibility. Other 


features include thick-film construc- 
tion, a factory-replaceable protec- 
tive bar in front of the resistive 
printing element, and HVI?L 82-bit 
IC drivers. Thermistor preheaters 
are optional. A minimum thermal 
life of 5010° dot lines is guaran- 
teed. The units are ready to use 
with an integral heat sink and con- 
nector-terminated PVC cable. $160 





‘FromAPPRODUCTS: — 
The first a 
Surface Mount Test Clip. 


There has never been anything like it. - 
APPRODUCTS has brokenintoanew 
frontier in testing: the SURFACE MOUNT 
TEST CLIP. Our exclusive design 
provides gripping tension onallfour 4 
sides when testing PlasticLeaded ¢ 
Chip Carrier (PLCC) style integrated 
circuits. This provides a faster and 
easier attachment on PLCCs. 
But we didn’t stop there. Our narrow 
body design allows components 
to be tested with as little as .100” 
lead-to-lead spacing, side stackable 
at .200” lead-to-lead spacing. 






tux, PTObe access points are immediately 
: visible for fast and safe lead testing. 
And staggered contact rows on 
400” centers allow for easy probe 
attachment. Our SURFACE MOUNT 
TEST CLIP is available in gold plated 
or alloy versions. 
Get the best grip on your work. 
Call TOLL FREE, 800-321-9668 for 
the name of the AP PRODUCTS 
distritutor near you. (In Ohio, call 
collect: (216) 354-2104). 





” A P PRODUCTS INCORPORATED 
9325 Progress Parkway 
Box 540, Mentor, Ohio 44060 
(216) 354-2101, TWX: 810-425-2250 


Onboard electronics for the SM-Se- 
ries of thermal print heads include 
double-latched printer inputs. Suit- 
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to $400. Delivery, 90 days ARO. 

Gulton Industries Inc, Graphic 
Instruments Div, Gulton Industrial 
Park, East Greenwich, RI 02818. 
Phone (201) 548-6500. TWX 710- 
387-1500. 
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HYBRID T/H AMPLIFIER 
Suitable for throughput rates as 
high as 5 MHz, the hybrid THA- 
05210 track/hold amplifier offers a 
150-nsec acquisition time to +0.01% 
of full scale for a 10V step. It also 





THE LSBX-CLOCK KIT IS COMPATIBLE WITH INTEL” 
86/3XX FAMILY 
RMX 86," 286 DRIVER SOURCE AVAILABLE AT 
NOMINAL COST 
BACKUP BATTERY HAS 10 YEAR SHELF LIFE 


BOTH ALARM AND INTERRUPT FUNCTIONS 


$255 OEM QTY 
™ Computer Modules, Inc. 
1190 Miraloma Way #Y 
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ADD BATTERY BACKED 
TIMEKEEPING, ALARM, 
AND INTERRUPTS TO 
YOUR INTEL SYSTEM 


conforms to the reliability require- 
ments of MIL-STD-888C. Other 
electrical performance figures in- 
clude a 0.005% linearity error, 60- 
psec aperture jitter, 74-dB feed- 
through attenuation, a room- 
temperature droop rate of 0.5 
wV/usec, and a 16-MHz small-signal 
bandwidth. Operating ranges of 
—25 to +85°C and —55 to +125°C 
are available. The circuit consists of 
a unity-gain inverting op amp with 
series and shunt switches at its 
summing point. Placing the device 
in the hold mode opens the series 
switch and closes the shunt switch; 
placing it in the track mode has the 
opposite effect. While in hold mode, 
the analog output is held constant 
by the hold capacitor at the value 
just prior to the opening of the 
series switch. The THA-05210 is pin 
compatible with the HTC-0300A 
and TP4860 but uses fewer internal 
components than these hybrid units. 
Full military version, $179 (100). 





a 3x4, 4x4 or 5x4 








(19.05 mm) 


custom graphic 


T.M. INTEL CORP. and prices, contact 


Sunnyvale, Ca. 94086 408 737-7727 


on 0.75" centers 
™ Colorful standard or 


@ Matrix, 2 out of 7(8), or 
SP/common bus circuitry 


_ For FREE literature, ~ 
including specifications 


Delivery, stock to eight weeks 
ARO. 

ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. Phone 
(516) 567-5600. TWX 510-228-7324. 
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SMART DISPLAY 


The HPDFL-1414 is a red, 0.112- 
in., 4-character monolithic alphanu- 
meric display that combines built-in 
RAM, ASCII decoders, and LED 
drive circuitry. It features electro- 
static-discharge protection fur- 
nished by large input-protection di- 
odes, an access time of 160 nsec at 
25°C, and full TTL compatibility. 
The device is wave solderable and is 
specified for operation over —40 to 
+85°C. $16.35 (1000). 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
Circle No 369 


| board as thin as a membrane switch! Only 1/10" thick 
plus tactile and audible feedback for the operator. 








3,000,000 operations per 
button at logic level loads 
@ Sealed against common 
contaminants; washable 
surface 
@ Available off-the-shelf 
from Grayhill or your local 
Grayhill distributor. 


Gay hill 


format 









overlays 





961 Hillgrove Ave., La Grange, IL 60525 e (312) 354-1040 e TWX 910-683-1850 
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High-Performance LCD Modules 
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IvVISION 


- 


7740 Lemona Avenue, Van Nuys, CA 91405 


INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
Tel. (818) 787-0311 - Ext. 418 


Industrial Products D 


Gy 


Ask about our Evaluation Kit Offer! 
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NEW PRODUCIS: ICs & SEMICONDUCTORS 








SCSI CONTROLLER 


This company claims that the 
MB87030 is the first SCSI chip to 
support ANSI X3T9.2 (Revision 10) 
standards and to operate in syn- 
chronous and asynchronous modes. 
In the synchronous transfer mode, 
its maximum throughput rate is 4M 
bytes/sec. The single-chip LSI con- 
troller can replace 30 to 50 TTL and 
memory devices, and it can operate 
as a transmitter or receiver. It han- 
dles synchronous data transfer with 
a programmable offset of 8 bytes 
max and in four selectable speeds to 
4 MHz. Standard SCSI protocols 
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and procedures are built-in. The de- 
vice has an 8-byte FIFO buffer and 
a 24-bit counter that keeps track of 
byte counts, phase-control logic, ar- 


bitration, and selection logic. In ad- 


dition, it has provisions for single- 
ended and differential connections. 
In an 88-pin pin-grid-array pack- 
age, $35 (1000). 

Fujitsu. Microelectronics Inc, 
Integrated Circuits Div, 3320 Scott 
Blvd, Santa Clara, CA 95054. Phone 
(408) 727-1700. TWX 910-338-0190. 

Circle No 370 


MICROPROCESSOR 


The 80186-12 wP is a 12.5-MHz ver- 
sion of the 16-bit 80186 wP. Accord- 
ing to the manufacturer, the chip 
can operate twice as fast as its pred- 
ecessor. Because it’s manufactured 
with a proprietary 1.5-~m HMOS- 
III process, it has a 30% smaller die 
size. The wP combines a CPU with 
the equivalent of 20 components on 


CIRCLE NO 129 


one chip and is available in three 
packages: a PLCC, a pin-grid-array 
package, and an LCC. You can 
choose from commercial, industrial, 
and military grades. $36 (100). Sam- 
ples are available now, and produc- 
tion quantities are scheduled for 
mid-1986. 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone (408) 
496-4580. 

Circle No 371 


CMOS LOGIC DEVICES 


The V54/74 ACT family of CMOS 
interface logic devices provides 50 
interface functions, including 8-, 9-, 
and 10-bit buffers, latches, flip- 
flops, and transceivers. Fabricated 
using a proprietary, 1.6-jm double- 
level-metal CMOS process, the de-- 
vices operate over the industrial 
temperature range (—40 to +85°C) 
at frequencies to 75 MHz. Constant 
current drive is 48 mA, typical 
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ICs & SEMICONDUCTORS 





propagation delay is 5 nsec, and 
typical quiescent power consump- 
tion is 5 wW. The company guaran- 
tees that ESD protection exceeds 
2000V. The devices are housed in 
20- or 24-pin plastic DIPs. Prices 
start at $8.25 (100). 

VTC Inc, 2401 E 86th St, Bloom- 
ington, MN 55420. Phone (612) 851- 
5000. 

Circle No 372 


SMT TRANSISTORS 


These 10 bipolar and three TMOS 
power MOSFETs come in D packs, 
which the manufacturer claims are 
the first power packages designed 
for surface-mount applications. The 
D pack resembles a miniature 
TO-220 enclosure and offers cost- 
reducing features, including the 
elimination of pc-board through 
holes, reduction of the size of the pc 
board, use of both sides of the 
board, and the ability to handle 
power levels exceeding 1W. Prices 
range from $0.54 to $1.53 (100). 
Motorola Semiconductor Prod- 
ucts Inc, Box 20912, Phoenix, AZ 
850386. Phone (602) 244-4911. 
Circle No 373 





64k-BIT EEPROM 


The Am2864B EEPROM features 
page-mode write and data-bar poll- 
ing operations and a 250-nsec access 
time. Data-bar polling on all pins 
allows a single read-and-comparison 
operation to determine the chip’s 
status and eliminates the need for 
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external hardware. The 32-byte 
page-mode operation allows you to 
write one to 32 bytes of data in one 
write cycle; according to the manu- 
facturer, the write cycle takes half 
the time that other 64k-bit 
EEPROMs require. Organized as 
8kx8 bits, the EEPROM has a 
ready/busy pin that automatically 
signals the wP that the write cycle 
is complete. Available in a side- 
brazed package or a ceramic DIP, 
$22.27 (100). 

Advanced Micro Devices Inc, 
Box 384538, Sunnyvale, CA 94088. 
Phone (408) 982-7448. 
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MODEM IC 


The XR-2123A belongs to the 
phase-shift-keying (PSK) family of 
devices for full-duplex (to 1200 bps) 
and half-duplex (to 2400 bps) 
modem applications. You can pro- 
gram the IC to meet Bell 212A and 
202 or CCITT V.22 and V.26 specifi- 
cations; the device provides the 
+7-Hz carrier-capture range re- 
quired to meet the CCITT stan- 
dards. If you want the modem to 
operate asynchronously, you'll need 
the XR-2125 synchronous-to-asyn- 
echronous converter. Phase-locked 
loops provide digital demodulation 
functions, and the modulator pro- 
vides a synthesized sine-wave out- 
put in a dibit PSK format. The 
CMOS IC requires +5V_ supplies 
and operates between 0 and 70°C. It 
comes in a 28-pin plastic or ceramic 
DIP. $13.85 (100). 

Exar Corp, 750 Palomar Ave, 
Sunnyvale, CA 94088. Phone (408) 
732-7970. TWX 910-339-9233. 
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- Your One-Stop Source for... 


or Tole 


OSCILIATORS 


TTL (QPL’d to M55310/16) 
CMOS (QPL’d to M55310/18) 
HCMOS (to 50 MHz) 
ECL (to 500 MHz’) 
*10K, 10KH, 100K 
and MECL III 


Frequency 
TTL | 16 kHz-100 MHz 
CMOS | 1. Hz- 15MHz 
HCMOS | 1. Hz- 50 MHz 
ECL | 5 MHz-500 MHz* 
(“pc mount package 
above 200 MHz) 


+10, 15, 25 or 50 ppm 
(most models also 
available settable 
to +1 ppm via either 
internal or external 
variable capacitor) 
Stability 
Standard 
Option 1 
Option 2 
Option 5 
Option 9 


Accuracy 


0/+ 70°C:+25 ppm 
—55/+ 85°C: +50 ppm 
—55/+ 125°C: + 50 ppm 

0/+ 50°C:+ Sppm 
— 55/ + 200°C for down- 
hole instrumentation 


Call The 
Application 
Engineering 
Hot Line Today! 


oN 
W4=lou gfe 


WwW 


The Crystal Oscillator Company 


VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 
203/853-4433. TWX: 710/468-3796 
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Eastern Show Tour 


GIGABIT LOGIC 

T-BAR INCORPORATED 
SFE TECHNOLOGIES 
CTS CORPORATION 

NEC ELECTRONICS, INC. 
HARRIS SEMICONDUCTOR 
COMPUMOTOR CORPORATION 
BELDEN ELECTRONIC WIRE & CABLE 
COMMUNICATIONS INSTRUMENTS, INC. 
AUGAT INC. INTERCONNECTION COMPONENTS 
REXNORD SPECIALTY FASTENER DIVISION 
ALLEN-BRADLEY ELECTRONICS GROUP 

LSI LOGIC CORPORATION 
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TIME 


1986 EDN CARAVAN TRAVELING ELECTRONIC SHOW 


February 24 to March 28 (first half) 


SITE 
8-9:30 IBM CORPORATION 
AM 1000 NW 51st St., Boca Raton, FL 
10:15-12 IBM CORPORATION . 
AM 1626 S. Congress Ave., Del Ray, FL 
1:30-3 MOTOROLA INC. 
PM 1500 NW 22nd Ave., Boynton Beach, FL 
8-9:30 BENDIX AVIONICS 
AM 2100 NW 62nd St., Ft. Lauderdale, FL 
10:30-12 RACAL-MILGO 
AM 1601 N. Harrison Parkway, Sunrise, FL 
2-4:30 MOTOROLA INC. 
PM 8000 W. Sunrise Bivd., Plantation, FL 
9-12 HARRIS CORPORATION GOVERNMENT SYSTEMS 
AM Palm Bay Rd., Palm Bay, FL 
2-3:30 HARRIS CORPORATION SATELLITE COMMUNICATIONS 
PM 1380 Harris Rd., Melbourne, FI 
8-9:30 MARTIN MARIETTA AEROSPACE 
AM E. Sand Lake Rd., Orlando, FL 
10:30-12 MARTIN MARIETTA AEROSPACE 
AM 12506 Lake Underhill Dr., Orlando, FL 
2:30-4:30 GENERAL ELECTRIC CO. 
PM 1800 Volusia Ave., Daytona Beach, FL 
8-9:30 E-SYSTEMS, INC. EC] DIVISION 
AM 1501 72nd St. North, St. Petersburg, FL 
10:30-12 PARADYNE CORPORATION 
AM 8550 Ulmerton Rd., Largo, FL 
2-4:15 HONEYWELL INC. AVIONICS 
PM 13350 Hwy 19, Clearwater, FL 
8:30-9:45 CHRYSLER MILITARY-PUBLIC ELECTRONIC SYSTEMS 
AM 5021 Bradford Dr., Huntsville, AL 
10:30-12 CHRYSLER ELECTRONICS DIVISION 
AM 102 Wynn Dr., Huntsville, AL 
1-2 SCI SYSTEMS, INC. 
PM 5000 Technology Dr., Huntsville, AL 
3-4:30 SCI SYSTEMS, INC. 
PM 8600 S. Memorial Pkwy, Huntsville, AL 
8:30-10 SCIENTIFIC-ATLANTA 
AM 4311 Communications Dr., Norcross, GA 
10:45-12 AT&T TECHNOLOGIES 
AM 2000 Northeast Expressway, Norcross, GA 
2-3 SCIENTIFIC-ATLANTA 3 
PM 3845 Pleasantdale Rd., Doraville, GA 
8:30-9:45 ROCKWELL INTERNATIONAL CORPORATION 
AM 1800 Satellite Blvd., Duluth, GA 
10:30-11:30 ROCKWELL INTERNATIONAL CORPORATION 
AM Gwinnett Industrial Park, Norcross, GA 
9-10:30 NCR CORPORATION 
AM 3325 Platt Springs Rd., West Columbia, SC 
2-4 IBM CORPORATION 
PM 1001 Harris Blvd., Charlotte, NC 
9-11:30 IBM CORPORATION 
AM Research Triangle Park, NC 
1-2:15 NORTHERN TELECOM INC. BNR 
PM Research Triangle Park, NC 
3-4:15 IBM CORPORATION 
PM 2520 North Blvd., Raleigh, NC 
8:30-9:30 ITT TELECOMMUNICATIONS 
AM 2912 Wake Forest Rd., Raleigh, NC 
10:15-11:30 ITT TELECOMMUNICATIONS 
AM 3127 Smoketree Ct., Raleigh, NC 
1-2 ITT TELECOMMUNICATIONS 
PM 6131 Falls of the Neuse Rd., Raleigh, NC 


DATE 


3/10 
Monday 


3:11 
Tuesday 


3/11 
Tuesday 


3/12 


Wednesday 


3/12 


Wednesday 


3/13 
Thursday 


3/13 
Thursday 
3/13 
Thursday 
3/14 
Friday 
3/14 
Friday 
3/17 
Monday 


3/17 
Monday 


3/17 
Monday 


3/18 
Tuesday 


3/18 
Tuesday 


3/19 


Wednesday 


3/19 


Wednesday 


3/20 
Thursday 


3/20 
Thursday 


3/20 
Thursday 
3/21 
Friday 
3/21 
Friday 
3/24 
Monday 


3/24 
Monday 


3/25 
Tuesday 


3/25 
Tuesday 


3/26 


Wednesday 


3/26 


Wednesday 


3/27 
Thursday 


3/27 
Thursday 


TIME 
3-4:30 
PM 
8:30-9:45 
AM 
2:30-4:30 
PM 
9-10:30 
AM 
1:30-3:30 
PM 

9-11 
AM 
1-2:45 
PM 
3:30-4:30 
PM 

9-11 
AM 
1:30-3 
PM 
8:30-11 
AM 
1-2:15 
PM 
3-4:30 
PM 
9-11:30 
AM 
1:30-4 
PM 
9-12 
AM 

2-4 

PM 
8:30-9:45 
AM 
10:30-12 
AM 

2-4 

PM 

9-11 
AM 
1:30-3 
PM 
9-10:30 
AM 

2-4 

PM 

9-11 
AM 
1:30-4 
PM 
9-11 
AM 
1:30-4 
PM 
9-11 
AM 

1-3 

PM 


SITE , 
TELEX TERMINAL COMMUNICATIONS 
3301 Terminal Dr., Raleigh, NC 


AT&T TECHNOLOGIES, INC. 
204 Graham Hopedale Rd., Burlington, NC 


GENERAL ELECTRIC CO. 
1501 Roanoke Blvd., Salem, VA 


GENERAL ELECTRIC CO. 
Mountain View Rd., Lynchburg, VA 


GENERAL ELECTRIC CO. 
U.S. Hwy 29 North, Charlottesville, NC 


IBM CORPORATION 
9500 Godwin Dr., Manassas, VA 


E-SYSTEMS, INC. MELPAR DIVISION 
7700 Arlington Blvd., Falls Church, VA 


E-SYSTEMS, INC. MELPAR DIVISION 
11225 Waples Mill Rd., Fairfax, VA 


LITTON SYSTEMS, INC. AMECOM DIVISION 
5115 Calvert Rd., College Park, MD 


WESTINGHOUSE ELECTRIC OCEANIC DIVISION 
Oceanic Dr., Annapolis, MD 


WESTINGHOUSE ELECTRIC AESD & CCD 
Baltimore Int’l Airport, Baltimore, MD 


BENDIX COMMUNICATIONS DIVISION 
1300 E. Joppa Rd., Baltimore, MD 


AAI CORPORATION 
York Rd. & Industry Ln., Cockeysville, MD 


RCA CORPORATION : 
Front & Cooper St., Camden, NJ 


RCA CORPORATION 
Marne Hwy., Moorestown, NJ 


AT&T BELL LABORATORIES 
Crawfords Corner Rd., Holmdel, NJ 


AT&T INFORMATION SYSTEMS 
200 Laurel Ave., Middletown, NJ 


SYSTEMS DEVELOPMENT CORP., A BURROUGHS CO. 
Swedsford Rd., Paoli, PA 


BURROUGHS SDG 
swedsford Rd., Paoli, PA 


SPERRY CORPORATION 
Union & Jolly Rd., Blue Bell, PA 


HONEYWELL PROCESS CONTROL DIVISION 
1100 Virginia Dr., Ft. Washington, PA 


RCA CORPORATION 
201 Washington Rd., Princeton, NJ 


AT&T BELL LABORATORIES 
555 Union Blvd., Allentown, PA 


LOCKHEED ELECTRONICS 
US Hwy 22, Plainfield, NJ 


AT&T BELL LABORATORIES 
600 Mountain Ave., Murray Hill, NJ 


AT&T BELL LABORATORIES 
Whippany Rd., Whippany, NJ 
HEWLETT-PACKARD CO. 

150 Green Pond Rd., Rockaway, NJ 


SINGER CO. KEARFOTT DIVISION 
150 Totowa Rd., Wayne, NJ 


ITT DEFENSE COMMUNICATIONS 
492 River Rd., Nutley, NJ 


ITT AVOINICS : 
390 Washington Ave., Nutley, NJ 
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ACQUISITION SYSTEM 


The Premas 2-board set plugs into 
an IBM PC, PC/XT, or PC/AT to 
sample data from four input chan- 
nels. It comes with floppy-disk- 
based support software that directs 
the hardware to sample the data 
channels, store the data on the PC’s 
floppy or hard disk, and display a 
plot on the PC’s monitor, all at the 
same time. By storing data to a disk 


GQ) ARIE 


ELECTRONICS, INC. 


Headers © Sockets ¢ Jumpers, etc., For Back Panel Packaging 


VERTISOCKETS® 
for LED's and Incandescents | 


© 2 to 40 pins on .100 centers 

® pin rows on .200, .300 and .600 

© 30°, 45°, 60°, 90° angle 
mounting (vertical or 


horizontal) 


° elevator sockets to bring your 
displays to proper height 
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in real time, the acquisition system 
can store more data than systems 
that store only to the PC’s memory. 
Using the software, you program 
each of the four channels to one of 
four input ranges—+300 mV, +8V, 
+380V, or +3800V—and to one of 
three degrees of resolution—12, 16, 
or 19 bits. Sample rates for the 
three degrees of resolution are 33, 
10, and 2.5 samples/sec, respective- 
ly. You can program the board for 
autozeroing and  autoranging 
modes. $1465. 

Datag Instruments Inc, 100 Lin- 
coln St, Akron, OH 44308. Phone 
(216) 434-4284. 

Circle No 377 


SINGLE-BOARD ,P 


The MC68020 uP powers the Micro- 
20 single-board computer. The com- 
puter includes 2M bytes of RAM, as 
much as 256k bytes of EPROM, four 
serial ports, and an 8-bit parallel 


Frenchtown, NJ 08825 
Telephone (201) 996-6841 
TWX 510-235-3391 





16-128K EPROM 


40/80 track) 
1 Centronics Printer Port 


a 5-1/4” disk drive 


Little Board" /186.... $495 


High Performance, Low Cost PC-DOS Engine 


@ Three times the COMPUTING POWER of a PC 

@ Data and File Compatible with IBM PC, runs 
“MS-DOS generic” programs 

@ 8 MHz 80186 CPU, DMA, Counter/Timers, 
128/512K RAM,zero wait states, 


@ Mini/Micro Floppy Controller (1-4 Drives, 
Single/Double Density, 1-2 sided, 


@ 2 RS23QC Serial Ports (50-38, 400 baud), 
@ Only 5.75 x 7.75 inches, mounts directly to 


@ Power Requirement: +5VDC at 1.25A; 
+12VDC at .05A; On board -12V converter 


INTC 


COMPUTERS. INCORPORATED 
67 East Evelyn Ave. « Mountain View, CA94041 « (415) 962-0230 « TELEX 4940302 





port. A controller for 5%-in. floppy 
disks, an SASI-peripheral interface, 
and a 16-bit expansion connector 
attach I/O devices to the computer. 
The 8.8x5.75-in. board mounts in 
the same space as a standard 5%-in. 
floppy-disk drive, and it uses the 
same supply voltages as the drive. 
A separate board, included with the 
computer, provides RS-232C-level 
translation and DB-25-type connec- 
tors for the serial ports. The com- 
puter draws 4.5A from a 5V supply 
and 125 mA from a 12V supply; it 
generates its own —12V _ supply. 
With 020Bug monitor/debugger and 









Boots IBM PC-DOS 
(not included) 











x 


@ SCSI/PLUS™ multi-master I/O expansion bus 
® Software Included: 
@ PC-DOS compatible ROM-BIOS boots 
DOS 2.x and 3.x 
@ Hard Disk support 
@ OPTIONS: 
@ Expansion board with: 
@ 128 or 512K additional RAM 
@ 2 Sync/Async RS232/4922 serial ports 
@ Battery backed Real Time Clock 
® 8087 Math Co-Processor 
® Buffered |/O Bus 
e@ STD Bus Adapter 
® Utilities source code 
® TurooDOS / Networking 
















IBM®, IBM Corp.; 80186®, Intel, Corp.; 
Turbo DOS®, Software 2000, Inc. 
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hardware diagnostics, $2200 (25). 
GMX Ince, 13837 W 37th Pl, Chica- 
go, IL 60609. Phone (812) 927-5510. 
TWX 910-221-4055. 
Circle No 378 





TAPE CONTROLLER 


The STC-TSQ11 emulates Digital 
Equipment Corp’s TK25/TS11 to 
connect LSI-11 computer systems 
to QIC-2 streaming-tape cartridge 
drives. The drives back up large- 
capacity hard disks, saving or re- 
storing 60M bytes of data on a %4- 
in.-tape cartridge in 12 minutes. 
The controller connects to LSI-11 
computers, including the MicroVAX 
II, and works under operating sys- 
tems and applications programs 
that control the TK25/TS11. Its 
dual-wide Q Bus module fits in a Q 
Bus backplane slot. $1250. 

Sigma Information Systems, 
3401 E La Palma Ave, Anaheim, CA 
92806. Phone (714) 630-6553. TLX 
298607. 

Circle No 379 





MS-DOS ON STD BUS 


You can run programs developed 
under MS-DOS on the STD Bus by 
adding either the STD-DOS proto- 
typing system (PS 1.1) or the STD- 
DOS OEM system (OS 1.1) to the 
STD Bus. Both systems plug into 
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the STD Bus and connect to IBM 
PC-compatible computers through 
an RS-282C link. You can develop 
programs for the STD Bus on the 
PC and then download them to the 
systems. Both systems include 
MS-DOS 3.1 in ROM, support utili- 
ties on floppy disks, and 8088-based 
CPU cards. The PS 1.1 also offers 
four memory cards, an extender 


card, a card cage, a power supply, 
and the RS-232C cable. $2895. The 
OS 1.1 has only the CPU, two mem- 
ory cards, and utility disks, but it 
can run applications developed on 
the PS 1.1. $1690. 

Pro-Log Corp, 2411 Garden Rd, 
Monterey, CA 98940. Phone (408) 
372-4598. TWX 910-360-7082. 

Circle No 380 


THE SMALLEST 


COMMERCIAL SWITCHERS 


FX 150 (150 Watts) 


FX 300 (300 Watts) 
4.5" x 9” x 2.5" 


4.25” x 8.25" x 2.7/5” 


New FX Series and GX Series of 
Switching Power Supplies 


Up to 3.6 watts per cubic e Adjustable auxiliary outputs 


inch 

50¢ per watt in volume 
Three to five outputs 
100 amp output 


Call Our Toll Free 
Information Hot Line Today! 


In Texas Call (214) 231-1456 

Jack Barry, Vice President Marketing 
Steve Mole, Sales Manager 

Bryan Bristol, Customer Service 
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e Parallel operation 
e FCC EMI filters 


e UL/ CSA/ IEC / VDE 
approvals pending. 


SE Summit 
Electronics, Inc. 


A subsidiary of Basler Electronic Company, Highland, Illinois 


855 East Collins Boulevard 
Richardson, Texas 75081 
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IEEE-488 


GPIB <-> PC 


Hardware Flexibility 
Low cost for instrument 
control 


— 300K bytes per second 
— $395 complete with software 


High performance data links 


— Maximum speed of GPIB 
— On-board buffering 


Software 


Software specially tested for 
the IBM PC and compatibles 


Over $1,000,000 in software 
development 

Easy to use, yet handles any 
GPIB application 

Works with Lotus 1-2-3 


UNIX, DOS and over 12 
languages 


Applications Support 
Applications Library with 
sample programs & TIPS for all 
major instruments 


Full staff of Applications 
Engineers dedicated to sup- 
port your specific needs 


Other IEEE-488 Products 





¥ 
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Interfaces & Software for 
— Multibus VMEbus 


— DEC Q-bus & UNIBUS 
— STD &S-100 bus 


General GPIB Products 


— GPIB Bus Testers 
— GPIB Bus Extenders 
— Stand-Alone Controllers 


NATIONAL | 


12109 Technology Boulevard 
Austin, TX 78727 

1 (800) 531-GPIB 

in Texas (800) IEEE-488 
Telex: 756737 NAT INST AUS 
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STD BUS BOARDS 


STD Bus-compatible single-board 
computers in the VL-7800 Series, 
which are plug-in replacements for 
Pro-Log’s Z80-based models, are 
available in 6-MHz versions. The 
series comprises three processor 
boards, each of which is available in 
2.5-, 3.68-, 4-, and 6-MHz versions. 
The VL-7806 has two RS-232C 
channels; the VL-7807 provides one 
RS-232C channel and one 8-bit Cen- 
tronics port. The VL-7842 version 
offers either two RS-422 channels or 
one RS-422 and one RS-232C chan- 
nel. All three boards use a buffered 
Z80 CPU and include sockets for as 
much as 128k bytes of onboard 
RAM or EPROM; three general- 
purpose, 8-bit counter/timers; and 
vectored interrupt inputs. C4 Basic 
for industrial-control applications 
and the companion Novos (nonvola- 
tile operating system) permit pro- 
gram storage in nonvolatile IC 
memory. The boards carry a 3-year 
warranty. 6-MHz versions, $300 to 
$330. 

VersaLogic Corp, 87070 
Dukhobar Rd, Eugene, OR 97402. 
Phone (800) 824-8163; in OR, (503) 
485-8575. 

Circle No 381 


1-BOARD COMPUTER 


The Cobra/16 single-board comput- 
er is based on the DEC J11 16-bit 
CPU chip. The module includes a 
15-MHz CPU with floating-point 
arithmetic, a 4k-byte bipolar cache 


memory, 512k bytes of dynamic 
RAM, 5%-in. ST506 Winchester 
disk and SA850 floppy-disk control- 
lers, and a 4-port serial interface. 
The board measures 11.512 in. 
and supports PDP-11-compatible 
operating systems, including 
RSX11/M, RSX11/M-Plus, RT11, 
RSTS/E, TSX-Plus, Mumps, and 
Unix. It’s available as a board-level 
product, in a desktop chassis, or in a 

custom system. Less than $3000. 
General Robotics Corp, 57 N 
Main St, Hartford, WI 53027. 
Phone (414) 673-6800. TLX 269686. 
Circle No 382 





X.25 INTERFACE 


The 5250 single-board MicroVAX 
front-end communications processor 
with onboard X.25 firmware allows 
users of MicroVAX II and other Q 
Bus computers to connect to packet- 
switched networks, including Tele- 
net, Tymnet, and DDN. Two ver- 
sions are available: The Basic Mode 
comes with 128k bytes of memory 
and standard network default capac- 
ities. The Extended Mode provides 
512k bytes of memory, frame and 
packet sizes of 1024 bytes, and ex- 
tended sequence numbering. Both 
versions accommodate as many as 
128 switched or permanent circuits 
at network-line speeds as fast as 64k 
bps. Basic Mode, $5290; Extended 
Mode, $5890. 

Advanced Computer Communi- 
cations, 720 Santa Barbara St, 
Santa Barbara, CA 93101. Phone 
(805) 963-9431. TWX 910-334-4907. 

Circle No 383 
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taying 
head With 


ME 
equires 
ore Than 
rute 


Force 


Heurikon’s Technology and Experience 
in Microcomputers Add Value Beyond 
Brute Computing Power. 


The HK68/V™ family of processor 
boards combines the advantages of VME 
architecture with Heurikon’s thirteen 
years of microcomputer experience and 
expertise. With these processors, 
Heurikon keeps you and your application 
moving. Smoothly. Dependably. Toward 
your goal. 

There is no more powerful or versatile 
single VME processor board for UNIX™, 
image processing, graphics, 
communications and scientific 
applications than the HK68/V10. 


Some key product features include: 

@ No wait state 10 or 125 MHz 68010 CPU 

@ Up to | MByte of on-card dual ported 
DRAM 

e 128K of EPROM 

e Single cycle mode DMAC 

@ Optional MMU 

@ Full SCSI high speed parallel bus 

e 2 serial ports 

@ Optional floating point processor 


For real time systems, the HK68/VE 
combines the power of the HK68/V10 
with the agility and economy you require. 
For industrial vision, data acquisition or 
control applications, the HK68/VE is an 
unsurpassed price performer. 
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To stay ahead, Heurikon offers another 
valuable tool: Technical Support to help 
solve your complex application 
problems. To learn more, just call: 


1-800°356°9602 


HEURIKON 


Heurikon Corporation, 3201 Latham Drive, 
Madison, WI 53713. 608-271-8700. 


UNIX is a trademark of Bell Laboratories, Inc. 


NEW PRODUCIS: INSTRUMENTATION & POWER SOURCES 








32-BIT BUS ATE 


The Z3200 tester for boards with 
32-bit buses includes a_perform- 
ance-test unit, which comprises two 
bus-timing emulators and which is 
synchronized with a functional-test 
unit. The tester features diagnos- 
tics via a guided probe. Bus- 
structured boards with or without 
Ps can be tested at full speed, with 
bus-cycle and pattern bursts to 12 
MHz. Timing-interface pods are 
available for boards based on 80186, 
802386, 68000, and 68020 uPs. In 
combination with the program- 
mable bus pod, the tester can emu- 
late Multibus or VME Bus boards. 


A measurement module provides 
CRC readings to 40 MHz and fre- 
quency measurements to 100 MHz. 
$250,000. 

Zehntel Automation Systems, 
2625 Shadelands Dr, Walnut Creek, 
CA 94598. Phone (415) 932-6900. 

Circle No 384 





STD BUS DEVELOPER 


The Over-Nighter, a portable ver- 
sion of the company’s Z80-based 
STD Bus development system, con- 
tains an 8-slot card cage, a 75W 


switching power supply, a fan, two 
floppy-disk drives, and STD Bus 
cards for a CP/M development com- 
puter. The unit measures 17x17X7 
in. and fits a 19-in. rack. Options 
include additional mounting rails, 
EPROM programmers, terminals, 
printers, and development software 
as well as 10-, 12-, and 16-slot card 
cages and a 10M- or 20M-byte hard- 
disk drive. A 4-MHz, Z80-based 
configuration with 64k bytes of stat- 
ic RAM, an 8-slot card cage and 
power supply, two card-mounted 
microfloppy-disk drives, and CP/M 
operating system costs $2790. 
Computer Dynamics Inc, 105 S 
Main St, Greer, SC 29651. Phone 
(803) 877-7471. 
Circle No 385 


DEVELOPMENT BOARD 


With the Support 329 DBO1 devel- 
opment board, you can evaluate the 
company’s PD82HC01, an interface 











Get a hand! 


For quick, easy wire connections, all 
you need is a screwdriver. Just strip 
end, insert wire, tighten screw — no 
wire lugs, no soldering, no crimping, 
no wire wrapping. 


Highest Density Screw-Dedicated 
PC Connector 

The PCB3S/D is available for single or 
double sided boards with .156” cen- 
terlines. Non-rotating wire contacts handle 
solid or stranded wire #12 thru #30 AWG. 






allows frequent circuit board 
removal/insertion with virtually no 
pad scoring. Selective goldplating 
optional. 

Designed to meet MIL-C- 21097 
for insertion/withdrawal forces, the / 
connector has a UL 94V-0 rating 
for flammability. 

Get a handle on all the fact 
by requesting the descriptive 
data sheet on the PCB3S/D. 

















Up to 500 insertions/removals 
Dual fingers ensure reliability thru redundant 
board contact, while their cantilever design 


...With the _ ¢hanan 


" B3S/Dec nnector. 


AMERACE 
” & PA ee, 


“Quality By Design” 







403A 









AMERACE CORPORATION 
1065 FLORAL AVENUE, UNION 
NEW JERSEY 07083 

(201) 289-8200 
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IC for Texas Instruments’ TMS 
32010 digital-signal-processor chips. 
The board allows you to access the 


PD32HCO01 using TI’s EVM module 


or XDS development system. The 
interface IC provides a serial codec 
interface, an RS-232C port, I/O and 
interrupt control, an I/O expansion 
interface, and a 2400-Hz bit-rate 
generator. The board also includes a 
ulaw Codec, RAM and ROM, a 


32010 socket, and an uncommitted. 


breadboarding area for prototyping 








additional functions. $475. 
Pacific Microcircuits Ltd, Prod- 


uct Development Group, 240 H St, 


Blaine, WA 98230. Phone (604) 536- 
1886. 
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IN-CIRCUIT ATE 


The Model 875 in-circuit tester can 
have as many as 640 hybrid, non- 
multiplexed test points. The tester 
runs the same software and accepts 
the same test programs as other 
devices in the 800 Series. The tester 


can have as many as 512 digital test 
points plus analog test points 
backed by a 16-bit A/D converter. 
The unit incorporates a 68010-based 
computer and runs the Unix operat- 
ing system. An operator-training 
package is included. The Model 875 
with 208 test points costs less than 
$85,000. 

Zehntel Automation Systems, 
Box 8016, Walnut Creek, CA 94596. 
Phone (415) 932-6900. TLX 3716185. 
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600W SWITCHER 


The Case 22/23 switching power 
supply delivers 300 to 600W from as 
many as seven outputs. The supply 
measures 3X5xX14.25 in. and meets 
UL, CSA, IEC, and VDE certifica- 
tion requirements. Load regulation 
is 1% for all outputs having remote 
sensing or 2% for outputs without 
remote sensing. Line regulation is 
1%+15% of line-voltage range. The 


A Designer's Guide to: 


CMOS ICs 


As featured in EDN Magazine 


Mail coupon to: CMOS IC reprints — EDN Magazine Mail booklet to: 
Cahners Building 
275 Washington Street — NAME 
Newton, MA 02158-1630 SSee 
Please send copies of A Designer’s Guide to 
CMOS ICs (92 pages) COMPANY 
1 $6.95 USA surface mail [1] $8.95 non USA air mail acs 
Check or money order made out to EDN REPRINTS 
CITY 


must accompany each order. No COD. Mass. residents 


add 5% sales tax. 
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supply has a built-in fan. Less than 
$1/W (100). Delivery, six to eight 
weeks ARO. 

Qualidyne Systems Inc, 3055 Del 
Sol Blvd, San Diego, CA 92153. 
Phone (619) 575-1100. 

Circle No 388 





IN-CIRCUIT EMULATOR 

Unlike other small emulators, the 
Icebox has 65,535 true hardware 
breakpoints and performs full-speed 
emulation. It maintains the Z80 and 
NSC800 refresh signals during all 
phases of operation, so that dynamic 
memories in the target system will 
retain their data. The emulator uses 


the target system’s Vcc to operate, 
requiring less than 500 mA. If the 
target system doesn’t have enough 
available power, you can use an ex- 
ternal power source. The emulator 
is available for the Z80, 8085, and 
NSC800 processors. $600. 
Softaid Inc, Box 2412, Columbia, 
MD 21045. Phone (801) 792-8096. 
Circle No 389 


GRAPHIC CALCULATOR 

At the touch of a button, the 
FX7000G scientific calculator lets 
you make graphic representations 
of numerical equations. Further- 
more, the calculator displays 
changes in numerical values as con- 
tinuous graphic fluctuations. You 
can simultaneously portray two or 
more function equations in one 
graphic display or mix several equa- 
tions as a combined graph. The 
F'X7000G also displays the intersec- 
tion and approach of different func- 
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_ For further information 

and address of your local sales 
representative please contact: 
Standard Telephone and Radio AG 
Components Division 

8027 Z Zurich/Switzerland | 

Tel. 01 2014255, Telex 815 385 
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tions, maximum and minimum 
points, and other mathematical 
characteristics. The calculator has a 
2.17X1.5-in. LCD with a resolution 
of 96x64 dots. The unit weighs 
about 5.5 oz and measures 
3.3X6.5X0.5 in. $99.95. 

Casio Inc, 15 Gardner Rd, Fair- 
field, NJ 07006. Phone (201) 575- 
7400. 
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MIL SUPPLIES 


Military power supplies in the 
Powereg Series provide as many as 
five outputs, output voltage ranges 
of 2 to 28V dec, and output current 
ranges from 2 to 70A. The supplies 
operate over —55 to +85°C (base- 
plate temperature) and meet MIL- 
STD 202 (Method 204D, condition D 
and Method 214, condition J) re- 
quirements for vibration. A multi- 
ple-output converter has a 2-tran- 
sistor forward-converter module 
and a saturable-reactor regulator 
module for each output. The module 
meets DOD-STD-1399 and MIL- 
STD-704D and -461B, Part 4 CEO3; 
it features current limiting, 
undervoltage lockout, and inrush- 
current limiting. MTBF, under 
Navy-sheltered conditions and per 
MIL-HDBK-217D, is over 90,000 
hours. Line and load regulation are 
1.0%. Additional features include a 
2-stage filter for low noise operation 
and optional status indicators. 
$12.50 to $20/W. Delivery, 10 weeks 
ARO. — 

ATC Power Systems Inc, 472 
Amherst St, Nashua, NH 03063. 
Phone (608) 882-1366. TLX. 756779. 
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GATE ARRAYS 


Providing respective gate counts of 
3289, 4290, and 6000, the M3000C2, 
M4000C2, and M6000C2 2-y~m dou- 
ble-metal-layer gate arrays feature 
a 2-input NAND gate propagation 
delay of 1.7 nsec and a toggle fre- 
quency of 100 MHz max. I/O pin 
counts are 90, 104, and 180, respec- 
tively; you can use the TTL- and 
CMOS-compatible I/O buffers as 
standard- or Schmitt-trigger inputs 
and as push-pull or drain-driver out- 
puts. The manufacturer offers a li- 
brary of more than 60 macrocells, 
including gates, flip-flops, and I/O 
buffers, and a library of 38 soft 
macrocells. The gate arrays are 
available in commercial, industrial, 
and military grades in ceramic or 
plastic DIPs as well as ceramic or 
plastic pin-grid-array and PLCC 
packages. PLCC gate arrays, ap- 
proximately Fr fr 1380 (M8000C2) to 
Fr fr 350 (M6000C2) (10,000). 
Thomson Semiconductors, 43-45 


Ave de lEurope, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
240780. 
Circle No 392 
Thomson-CSF Components 
Corp, Semiconductor Div, 301 Rte 
17 N, Rutherford, NJ 07070. Phone 
(201) 488-2300. 


Circle No 393 





GRAPHICS CARD 


Providing interlaced 512512-pixel 
resolution and 8-color display, the 
PG38200 color-graphics display mod- 
ule operates in a VME Bus or stand- 


alone environment. Based on an 
EF93865 graphic-display processor 
and a 68121 intelligent peripheral 
controller, the module interfaces 
with raster-scan RGB monitors. 
Onboard memory accommodates 
two screen pages, and the dual- 
ported RAM is accessible via the 
VME Bus or the 68121. An RS-232C 
interface handles stand-alone opera- 
tion. Onboard firmware is provided 
for point and vector plotting, varia- 
ble-size ASCII-character genera- 
tion, and the display of circles. A 
light pen is optional, and provision is 
made for image read-back and read- 
modify-write operations. $1595. 
Philips, Industrial & Electro- 
acoustic Systems Div, Box 5238, 5600 
AM Eindhoven, The Netherlands. 
Phone (040) 757005. TLX 51573. 
Circle No 394 
Signetics Corp, 811 E Arques 
Ave, Sunnyvale, CA 94086. Phone 
(408) 739-7700. 
Circle No 395 
















handling, stock and inventory. 


Send for our free catalog. 
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The CAG-49 features a turn-on time of 13 nano- 
seconds (typical), 5 times faster than monolithic 
analog switches in the same packaging space, and 
low ON resistance, typically 35 ohms, which remains 
constant with voltage. The CAG-49 is cost effective, 
selling for half the price of four switches purchased 
independently. The space advantage cuts costs in 
It’s ideal for high 
speed store and hold and analog gating applications. 


CRYSTALONICS 


147 Sherman St. Cambridge, MA 02140 
Tel. (617) 491-1670 © TWX: 710-320-1196 









Edmund Scientific Co. 


Dept. 4126, 6420 Edscorp Bldg., Barrington, NJ 08007 


| 
| 
: 
NAME 
| ! Sead _ | COMPANY 
| | GREE ADDRESS 
| | Catalog CITY 


| Send Today for Your FREE 
Edmund Scientific Catalog. 


| The new Edmund Scientific 100 page full color catalog 
_ features thousands of hard-to-find products used in science, 
_ industry, education, research and by hobbyists. 
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CMOS 8000 i 


CA80C85 —8-bit 8085 Compatible Microprocessor 
CA82C12 = 8-bit 1/0 Port 

CA82C54 Programmable Interval Timer 
CA82C59 Programmable Interrupt Controller 
CA0Q1C50 Clock/Calendar 


For complete information on commercial and military options: 


Call Nick Deeble at (613) 836-1014 


CALMOS. 


Calmos Semiconductor 
20 Edgewater St., Kanata, Ont., K2L 1V8 TIx: 053-4501 
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~ PHOTOCONDUCTOF 


The resistance of photoconductors varies | Photosensors 
with light intensity. Thus, substit 2 e in a varie’ 
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DATACOMM IC 


Combining a direct-memory-access 
(DMA) and a high-level data-link 
controller (HDLC) in one package, 
the MV6001EXP relieves CPU re- 
sources of the overhead involved in 
handling data links. To transmit or 
receive a block of data, the proces- 
sor specifies the start address and 
length of the data block in memory; 
the device then handles the block 
transfer and formatting without 
further processor intervention. It 
operates at DMA rates as high as 8 
MHz; HDLC frame lengths are pro- 
grammable to 2k bytes. The device 
automatically appends a _frame- 
check sequence. £20.46 (1000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wilts SN2 
2QW, UK. Phone (0798) 36251. 
TLX 449637. 

Circle No 396 

Plessey Solid State, 3 Whatney 
Ave, Irvine, CA 92718. Phone (714) 
951-5212. 


Circle No 397 





32-BIT CPU CARDS 


The SYS68K/CPU-20/21 CPU mod- 
ules for VME Bus systems run 16.7- 
MHz 68020 uPs with no-wait-state 
access via the FLME Bus (Force 
Local Memory Extension Bus) to 
012k bytes of static RAM, which is 
housed on an accompanying 
SYS68K/SRAM-22 board. The only 
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difference between the CPU-20 and 
the CPU-21 is that the latter con- 
tains a 68881 floating-point coproc- 
essor; the CPU-20 has a socket for 
that coprocessor. Each CPU card 
features eight sockets for as much 
as 512k bytes of EPROM or 128k 
bytes of static RAM, one RS-232C 
and one RS-232C/RS-422 serial I/O 
port, interrupt control, and timer 
functions. The board’s VME Bus 
interface is capable of 32-bit ad- 
dressing and 32-bit data transfers; it 
includes a 7-level interrupt handler, 
single-level bus arbiter, and soft- 
ware-programmable bus-release 
functions. In addition to the FLME 
Bus, the board also has a VMX Bus 
interface. Firmware supplied with 
the board includes a debug monitor 
and line assembler/disassembler. 
The CPU-20 and CPU-21, including 
the 512k-byte RAM card, cost DM 
16,590 and DM 17,565, respectively. 
Force Computers GmbH, Dai- 
mierstrasse 9, 8012 Ottobrunn, Mu- 
nich, West Germany. Phone (089) 
60920338. TLX 524190. 
Circle No 398 
Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 95030. 
Phone (408) 354- 3410. 
Circle No 399 


SEMICUSTOM SUPPLIES 


System-Eureka semicustom power 
supplies are configured from stan- 
dard chassis, line-input RF filters, 
toroidal power transformers, and 
low-voltage linear or switch-mode 
secondary regulator modules. 
These modular components meet 
safety and emission requirements of 
agencies such as UL, CSA, and 
VDE. The RFI filter modules con- 
form to VDE 0871B and FCC 
20780B and may be fitted with listed 
line input components such as the 
line cord connector, input voltage 
selector, and fuse and power 
switches. The toroidal power trans- 
formers, listed under UL and VDE, 
are available with ratings of 80, 160 
and 250 VA. Switch-mode secondary 
regulators are available with output 
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voltages of 5, 12, or 15V at 4A, or 
with an output voltage of 24V at 3A. 
Linear regulator modules are avail- 
able for the same voltages, with 
either one or two isolated outputs. 
Switch-mode regulator modules fea- 
ture current-limit adjustment, pro- 
vision for switching frequency syn- 
chronization, and a power-fail status 
output. Both switch-mode and lin- 
ear types have crowbar-overvolt- 
age, thermal overload, and short- 
circuit protection. Standard chassis 
assemblies accept two, three, or 
four regulator packages. The di- 
mensions of a 3-regulator chassis 
are 4.75X12.5x2 in. A typical 38- 
module, 4-output power supply, in- 
cluding the RFI filter and line con- 
nector, is priced at around $1.50 per 
watt (OEM qty). 

Ulveco Power Products AB, Box 
43, S-18400 Akersberga, Sweden. 
Phone (0764) 66060. TLX 13514. 

Circle No 400 





VIDEO PRINTER 


The TP85 video printer with ther- 
mal print head produces graphic 
and text CRT images from compos- 
ite video-input signals, separate 
video signals, or composite sync sig- 
nals. It can print either positive or 
negative images on a 6-dot/mm 
print pitch and operates in either a 
high- or low-resolution mode. £1085. 
Thandar Electronics Ltd, Lon- 
don Rd, St Ives, Huntingdon, 
Cambs PE17 4HJ, UK. Phone 

(0480) 64646. TLX 32250. 
Circle No 401 
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(One channel of a four-channel CDG 309) 


More Than 60 db 
Off Isolation at 10 MHz 


-MOS’s low capacitance makes 

it one of the best high frequency 
switches around. And when you put 
it on the same chip with CMOS you 
have an integrated circuit that can 
control up to 20 volts p-p...with a 
5-volt logic swing. 


OFF isolation vs frequency 


Qa 
Co 


90 


VCC=+15V; RL=50 Ohms; 
Vgen=4V p-p 


The CDG family of integrated 
CMOS/D-MOS switches and-drivers 
offers you many choices—normally-on 
or -off types, ‘‘T’’ switch configura- 
tions, even high interswitch isolation 
packaging. 


Want more information? Call or 
write for our video switch application | 


note and catalog. 
SEMICONDUCTOR = 
1971 N. Capitol Ave. 
San Jose, CA 95132 
— (408) 942-9100 _| 
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NEW PRODUCTS: SOFTWARE 








80286 ASSEMBLER 


Macro Assembler 4.0 runs under 
MS-DOS on computers that use the 
80186, 80286, 80287, 8086, 8087, and 
8088 instruction sets. The assem- 
bler comes with an_ interactive 
source-level symbolic debugger, a 
linker, a program-maintenance util- 
ity, a library manager, a cross-ref- 
erence utility, and EXE file-packing 


and header utilities. The 4.0 version 
allows you to assemble larger source 
files with more symbols and more 
macrotext than previous versions; 
additional assembly switches are 
also included. Screen swapping per- 
mits switching between the debug- 
ging screen and the application out- 
put. The company claims the 
assembler provides 100% source- 





QUICK! PICK A HUM-STOPPER! 














* Eliminate ground-loop problems (hum, cross-talk, voltage differentials, 


etc.) on video and other wideband data lines. 
e Insure outstanding signal transmission with over 120 dB attenuation of 


interference at power line frequencies. 


Without Hum-Stopper 





For the ultra-wide bandwidth and low, flat insertion loss needed by broadcast 
or remote TV lines. For security, CCTV or Industrial Process Control systems. 
For high-speed Data Lines or Medical Imaging Equipment. Whatever your 
needs, there's a North Hills Isolation Transformer designed to meet them. 





Engineered for unmatched reliability. Standard insulated BNC connectors for 
easy installation. Backed by a 3-year warranty —it’s the widest selection of 
Wideband Isolation Transformers available anywhere. And it’s available now! 


Right off the shelf! 


For details, dial: 516-671-5700. Or write for our new catalog. 


MlaNorth Hills Electronics, Inc. 


1 Alexander Place, Glen Cove, NY 11542-3796 (516) 671-5700 Telex: 46-6886 


CIRCLE NO 160 


196 


and object-code compatibility with 
earlier versions of its and IBM’s 
macroassemblers. The package re- 
quires 128k bytes of RAM, MS-DOS 
2.0 or higher, and one floppy-disk 
drive, although two drives are rec- 
ommended. $150; upgrade for regis- 
tered owners, $75. 

Microsoft Corp, Box 97200, 
Bellevue, WA 98009. Phone (800) 
426-9400; in WA, (206) 828-8080. 
TLX 328945. 

Circle No 402 


PARALLEL ADA 


VADS, a parallel implementation of 
the Ada development system, runs 
on Sequent’s (Beaverton, OR) Bal- 
ance 8000 parallel computer. Ac- 
cording to the company, the multi- 
stream nature of Ada development 
and execution allows the package to 
use the tightly coupled, parallel ar- 
chitecture of the Balance system for 
reduced development time and 
higher run-time performance. The 
package provides an Ada compiler 
and a set of software-development 
tools, which includes an interactive 
screen-oriented debugger, library- 
management tools, and the run-time 
system. Prices start at $15,000 for a 
16-user system. 

Verdix Corp, 14130-A Sullyfield 
Circle, Chantilly, VA 22021. Phone 
(703) 378-7600. 

Circle No 403 


VOICE RECOGNITION 


With VoiceCommand and an IBM 
PC, PC/XT, or PC/AT, you can op- 
erate such programs as Lotus 1-2-3 
and Wordstar by voice; the personal 
computer accepts voice commands 
as it would commands entered via a 
keyboard. Users define such com- 
mon commands as “create graph,” 
“initialize program,” and “save 
data,” which are stored for use with 
other software packages. The sys- 
tem has space for a 500-word vocab- 
ulary, but you can overlay multiple 
000-word segments for a total of 
8000 words. A voice-defined menu 
option can replace standard soft- 
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ware menus; you can link menus to 
form a complete voice system. The 
package includes the software, a 
microphone, a plug-in board, and an 
instruction manual. $399. 
Interpath Corp, 3333 Bowers 
Ave, Suite 253, Santa Clara, CA 
95054. Phone (408) 988-3882. 
Circle No 404 





IMAGE PROCESSING 


PICDMS, a database-management 
system for image processing and 
model building, operates in two or 
more dimensions on digitized photo- 
graphs, maps, and drawings. It can 
detect objects or edges in pictures, 
recognize and classify patterns, de- 
termine minimum and maximum 
values, calculate distances, and cre- 
ate histograms and statistical analy- 
ses. The software runs on Prime 
minicomputers, Apple II, and the 
IBM PC and compatibles. A 1-time 
license fee for microcomputer ver- 
sion, $5000; minicomputer version, 
$8000. 

MIB Chock, 1048 24th St, Santa 
Monica, CA 90408. Phone (218) 828- 
A788. - 
Circle No 405 


DATABASE SYSTEM 


This company’s relational database- 
management system is available in 
an MS-DOS version. The package 
provides a comprehensive set of de- 
velopment tools, including SQL and 
fourth-generation report writer. 
The package is upward compatible 
with Unix. A host-language inter- 
face to the C language allows you to 
integrate existing or custom sub- 
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routines into your applications. 
Without the host-language inter- 
face, $995; host-language interface, 
$495. 

Unify Corp, 4000 Kruse Way PI, 
Lake. Oswego, OR 97034. Phone 
(503) 635-6265. TLX 469220. 

Circle No 406 


MS-DOS LINK 


The L/F-Link interface program al- 
lows the single-user MS-DOS oper- 


ating system to function under the 


supervision of the multiuser Tur- 
boDOS operating system. The pro- 
gram and the company’s S-100+ 
Bus permit direct user-to-file-serv- 
er communications and virtually 
eliminate bus contention. Turbo- 
DOS is a multiprocessor operating 
system that can coordinate a net- 
work of 80186 processors running at 
speeds as high as 8 MHz. $495. 
L/F Technologies, 2800 Lock- 
heed Way, Carson City, NV 89701. 
Phone (702) 883-7611. TWX 910- 
395-6051. 
Circle No 407 


INVENTORY SYSTEM 


The Stock-Master 4.0 inventory- 
management system runs on the 
IBM PC, PC/XT, PC/AT, and com- 
patible computers. The 143-pro- 
gram system is organized into eight 
subsystems that provide master-file 
maintenance, 12 types of transac- 
tion entry and editing, stock status 
reporting, transaction history detail 
analysis, trend analysis, purchase- 
order tracking, quality-control re- 
porting, and system-maintenance 
utilities. The system has an 18-char- 
acter part number with two 30-char- 
acter description fields. It also 
maintains a record of inventory bal- 
ances. Object-code license fee, $995. 
Applied Micro Business Systems 
Inc, 177-F Riverside Ave, Newport 
Beach, CA 92663. Phone (714) 759- 

0582. 
Circle No 408 


Send for your F REE 
Technical Guide 


lOtech 


23400 Aurora Road 
Cleveland, Ohio 44146 
Telex via WUI 6502820864 
(216) 439-4091 
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Guide features power-line 
protection devices 


How To Correct Power Line Distur- 
bances is a 16-pg booklet on devices 
that you can use to protect power 
lines. It contains descriptions of 
typical isolation transformers, line 
voltage regulators, line condition- 
ers, motor-generator sets, and unin- 
terruptible power supplies. A guide 
to determining the economical justi- 
fication of protective devices is in- 

cluded. 
Dranetz Technologies Inc, Box 
4019, Edison, NJ 08818. 
3 Circle No 409 





Bus products described 

Containing short descriptions of 
more than 60 STD Bus and VME 
Bus pC boards, this industrial-con- 
trol products catalog also covers 
Support software, firmware, and 
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hardware. The products, based on 
the Z80, 8085, 68000, and 68008 
wPs, include single-board comput- 
ers, CPUs, memory devices, and I/O 
and communications devices. Also 
covered is the manufacturer’s family 
of EPROM emulator/programmers. 
You can use the products in process- 
and industrial-control applications, 
ATE, and data-acquisition systems. 
Micro-Link Corp, 14602 N US 

Hwy 31, Carmel, IN 46082. 
Circle No 410 


Design Entries 
And Anicies 


Supertex DMOS Power FET Design Contest 


DMOS design-contest 
winners presented 


Featuring the winning entries from 
a double-diffused MOS (DMOS) de- 
sign contest conducted by the man- 
ufacturer, this 60-pg booklet in- 
cludes a variety of p-channel DMOS 
products. Also included are DMOS 
application articles and information 
on data-sheet interpretation. The 
publication also contains a cross- 
reference and product-selection 
guide. 

Supertex Inc, Customer Service 
Dept, Box 3607, Sunnyvale, CA 
94088. 

Circle No 411 


Catalog helps you choose 
circuit-board indicator 


An 8-pg LED circuit-board-indica- 
tor catalog lists the company’s line 
of LEDs, which require no lead 
bending or trimming. The short- 











form catalog includes dimensional 
drawings as well as pertinent speci- 
fications so you can choose the prop- 
er LED circuit-board indicator. The 
catalog also lists the company’s rep- 
resentatives. 
Dialight Corp, 203 Harrison Pl, 
Brooklyn, NY 11237. Bi aet 
Circle No 412 





Electrical-discharge 
machines detailed 
A series of wire-cut electrical dis- 
charge machines (EDM) is the sub- 
ject of this 4-color, 24-pg brochure. 
The booklet describes how, via com- 
puter control, you can program the 
Agiecut machine to operate for as 
long as 60 hours to produce an ex- 
trusion die, a progressive die, a 
copper electrode, six brass template 
cams, and six carbide punches. The 
document also provides details of 
the machine—eg, its cutting speed 
and contouring capabilities. 

Agietron Corp, Box 469, Addi- 
son, IL 60101. 

Circle No 413 
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__ PRODUCT MAR 


This advertising is for new and current products. 





Please circle Reader Service number 
for additional information from manufacturers. 


MODEL IQ- 160 FROM DIGITAL MEDIA 


POWERFUL AND INTELLIGENT, FIRST TRULY 
PORTABLE UNIVERSAL PROGRAMMER 





AEHOMEEN a ue noid Sor -G 
ee ear FREE DEMO DISK progue-Gooumay: 
ee hie i occ SCHEMA is a complete, integrated schematic draw- The world’s lar gest selection 
® Emulotes 32K x8 EPROMPROM —_—_m Automatic setf-calioration ing software package for IBM Personal Computers. ( : 
: oo oe a gees Use SCHEMA with your PC to draw schematics and of 3 mm (Or smaller) 
8 automatic rate adj A ° e e 
between 300 and 19,200 Baud ® Lightweight (25 Ib) and automatically generate design documentation such 
® Supports JEDEC and Intex Hex formats portable (10 x 6 x 07 inches) as Wire and Net Lists, Bills of Materials, Design Rule trimmer ca pacifors. 


® Bull-in ultra fast logic interpreter DML! = @ 32 character LCD display 

B Built-in dato manipulation commands —_'& Part numbers and operating 

@ Fast/intelligent algorithms for EPROMs modes selected from menus 

8 Con drive automatic handlers and & Tested by MMI Tl and 
GA-160 Gang Adapter National Semiconductor 


Digital Media, Inc. - 3478 Gibraltar Avenue + Costa Mesa - CA 92626 + USA 
(744) 754-4373 
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The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar 
in SBX format with on- 
board battery backup. 


General Features: 

C] For high performance systems: 
no wait states or software overhead 

C Attaches to all SBX and BLX compatible Multibus boards 

() Programmable alarm clock and periodic interrupts 

ZC 12 or 24 hour time modes, in both BCD and binary format 

CL) Internal 100 year calendar with leap year compensation 

CJ Selectable automatic Daylight Savings compensation 

C Contains fifty bytes of general purpose non-volatile RAM 

(1 RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 


Intelligent Systems Group 
244 West Court, Palatine, Illinois 60067 
Telephone (3 12) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 
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Yours FREE 


...our newest LVDT design 


guide and catalog. 





At last, a compendium 
of LVDT working parameters. 


Call us now for fast solutions 
to your OEM requirements. 


1-800-323-7115, ext. 302 


i (In PA, call 1-800-323-7114) 





|, Robinson-Halpern 
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The most wanted features found in various models 
include high stability, low cost, very small size, and 
very high Q at high frequency. 


Sprague-Goodman Electronics, Inc. 


SPRAGUE (An affiliate of the Sprague Electric Company) - 
Gooopman 134 Fulton Ave., Garden City Park, NY 11040 
e 916-746-1385 ¢ TLX: 14-4533 
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ANALOG AND DIGITAL 
INPUT/OUTPUT MODULES 


Analog and digital connections for any computer 
with an RS-232 or IEEE-488 interface; built-in 
timer and buffer allow data acquisition while your 
computer is busy with other tasks. $495.00 each 
BUSSter A64 — 64 digital in: B64 — 64 out: C64 — 
32 in/32 out: D16 — 16 analog in: others 
Connecticut microComputer, Inc. 
PO Box 186 
Brookfield, CT 06804 
TEL: 1-800-4-CMC-USA TWX: 710456 0052 
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EE/EPROM PROGRAMMER...with 
Eraser...the ‘‘BEST”’ for $1295." 


DIGELEC Model 824 ———— 
M@ RAM 512K, upgradeable to 2048K 
@ Programs 2716 to 27512, upgradeable 
@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220+ devices 
@ Time-saving quick-pulse & Int. algorithms 
@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
@ Optional IBM-PC/AT menu-driven S.W. 

*SPECIAL INTRODUCTORY PRICE 
PHONE 201-493-2420 

DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 


@ Also mfg of LOGIC, GANG, OEM, PC Board, 
& UNIVERSAL PROGRAMMERS 
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68020 


Big Performance Boost! 






e 500% plus performance. e Plugs into any existing 
68000/68010 socket. ¢ On-board 68881 floating point 
math coprocessor chip. e Runs all 68000/68010 pro- 
grams. e Great for prototyping the 68020 CPU & 68881 
floating point math coprocessor. © 222% Performance 
improvement over the 68000 at 12.5 mhz; the EDN 
linked list insertion Benchmark showed at 248% 


improvement. 
Computer System 
Associates, Inc. 


7564 Trade St., San Diego, CA 92121 /(619) 566-391 1 
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68000 Multibus Board 


High performance 10 MHz 68000 processor 
based Multibus single board computer fea- 
tures four DMA channels, parallel interface, 
timers, real time clock, dual synchronous or 
asynchronous serial channels, up to 1 mega- 
byte RAM, 256K EPROM or 128K EPROM and 
64K battery backed up RAM, dual expansion 
connectors, on-board interface to Priam hard 
disk controllers. 
AMTELCO 
4800 Curtin Drive, 
McFarland, WI 53558 
(608) 838-4194 (800) 356-9148 
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FAST 
TRACK 
| RESISTOR 


NETWORKS. 


Sprague low-cost, low-profile Type 210C 


Econoline® Thick-Film Resistor Net- 
works are excellent for computer, auto- 
motive, telecommunication applications. 
Available off-the-shelf in 6-pin, 8-pin, and 
10-pin conformally-coated SIPs. Stand- 
ard resistance values from 22 ohms to 1 
Megohm. Write for Short-Form Catalog 
RN-210 to: 
Sprague Electric Co. 
P.O. Box 9102, 41 Hampden Road 
Mansfield, MA 02048-9102 
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HIGH PERFORMANCE Z-80 SINGLE BOARD COM- 
PUTERS. Available with either Z-80A or Z-80B CPU, 
64-256K RAM, 2-64K ROM or EPROM, 2 or 4 RS-232 
Serial ports, high speed bi-directional port or I/O ex- 
pansion bus. All models have 5%” & 8” disk controller 
and Centronics parallel printer port. SCSI and RS-422 
ports are also available. Other products include private 
label systems, STD bus and IBM PC compatible 
boards. DAVIDGE CORP., P.O. Box 1869, Buellton, 
CA 93427 (805) 688-9598. 
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smARTWORK® Circuit-Board-Artwork Software. For only 
$895, smARTWORK® lets the design engineer create and 
revise printed-circuit-board artwork on the IBM Personal 
Computer. Forget the tedium of taping it yourself or 
waiting for a technician, draftsman, or the CAD depart- 
ment to get to your projects. With smARTWORK® you 
keep complete control over your circuit-board artwork 
from start to finish. Call or write to Wintek Corporation, 
1801 South Street, Lafayette, IN 47904-2993. 
(317) 742-8428, (800) 742-6809. 
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Telecom ICs 


Covering the full spectrum of your 
telecommunications needs 


@ Call Progress Detectors and Generator 
CMOS detectors for telephone system tones 
(dial tone, ringback, busy, special informa- 
tion); CMOS generator for standard call 
progress tones. 

mw DTMF Receivers 
High-quality receivers for all applications. 

m MF Receivers and Generator 
CCITT RI/R2 receivers; CMOS generator. 

m DC Signalling Products 
Line sense relay; Dial pulse counter and 
hook status monitor; Binary input pulse 
dialer. 


TWELTONE’ 


Teltone Corporation 
10801 - 120th Ave. N.E., Kirkland, WA 98033-9974 
Phone (206) 827-9626 TWX 910 449-2862 
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MC68020 SINGLE-BOARD COMPUTER 
The GMX Micro-20 SBC provides the basis for a 
powerful, compact 32-bit computing system; in a 
5.25” form-factor package: a 12.5MHz MC68020, 
2MB of RAM, 4 serial ports, an 8-bit parallel port, 
floppy disk controller, SASI interface, time-of-day 
clock w/battery, and an optional MC68881 floating- 
point coprocessor. It includes Motorola’s 020Bug 
ant core and hardware diagnostics in 
PROM. $2200.00 (qty 25). Also available: A PROM- 
able real-time, multi-user/multi-tasking operating 
system, and complete systems with cabinet, power 
supply and floppy/hard disk drives. 

cmxX 
1337 WEST 37th PLACE 
CHICAGO, ILLINOIS 60609 
(312)927-5510 TWX 910-221-4055 
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S048 IN-CIRCUIT 
EMULATOR 


E232-48 emulates Intel compatible 8048, 
8049, 8050 microcomputers and their 
ROMless amd CMOS versions. It features: 
© Real time emulation up to 11 Mhz. 
© Hardware Breakpoints. 
© Rs-232 interface to host sysytem. 
° In-line Assembler and Disassembler. 
© Complete debugging facilities. 
© Software Drivers for IBM PC, CP/M-80, 

and CPM/86 included at no extra cost. 
E232-465. Ase $1795.00 
Cross Assembler (8048 & others) From ... 99.50 


SIGNUM SYSTEMS 
1820 14th Street, Suite 203 


SANTA MONICA, CA 90404 (213) 450-6096 
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INTRODUCING THE FIRST HD64180 
SINGLE BOARD STD BUS COMPUTER 


WinSystems offers the powerful Hitachi 
CMOS 64180 enhanced processor compatible 
with 8080/Z80 software. Features include 
512Kb memory addressing, 2 DMA channels, 
4 RS232/RS422 serial I/O, 2 16-bit timers, 
hardware multiply, & watchdog timer on the 
LPM-SBC5. Supports RAM, EPROM, & 
~EEPROM. Available in NMOS/TTL or CMOS 
onthe STD Bus. WinSystems Inc., P.O. Box 
121361, Arlington, TX 76012. 817/274-7553 
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EXPANDS PC 
PERFORMANCE AT A FRACTION 
OF NETWORKING COST 


@ Adds four to eight serial communication 
ports to IBM PC, XT, AT or compatibles. 

@ Standard RS-232 or optional RS-422 ports 
for increased transmission speed and distance. 
@ Supported by Xenix, Multi- Link, RTCS, QNX, 
and other multi-user, multi-tasking operating 
systems. 


Need more information? Call (216) 951-5922, or 
write STAR GATE TECHNOLOGIES, Suite 
109, 33800 Curtis Blvd., Eastlake, OH 44094 


Nef TECHNOLOGIES INC 
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FREE 


High-Temperature 
Glass-Encapsulated 


YSI THERMISTOR 


for testing in your OEM design. 

















YSI Ohms Tolerance Max. 
P/N @ 25°C 0 to 70°C Temp. 
45004 2252 +02 200°C 
45008 30K +0.2°C 250°C 


With YSI glass-encapsulated thermistors 
you get superior long-term stability at ele- 
vated temperatures, even where humidity 
may exceed 95%. For your free thermistor, 
please write on company letterhead with a 
description of your OEM application, or 
phone 513-767-7241. 


from Yellow Springs 











Industrial Division 
Yellow Springs Instrument Co., Inc. 
Yellow Springs, Ohio 45387 USA 
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camera you can plug 
in and forget! 

















Here is a new one-piece camera designed for long-term unat- 
tended operation in machine vision, instrumentation and 
medical systems. Called the “Visioneer,” this new camera is 
extremely temperature stable. When required, maintenance 
couldn't be simpler. All boards are plug-in modules, and all 
board level maintenance can be done with just a screwdriver. 
Bandwidths are available up to 25 MHz, with line rates from 
525 to 1023. Camera includes external drive and internal sync 
generator for automatic backup. If you have special require- 
ments, ask us to customize this camera. It's designed for that, 
too. From the company with 20 years experience in designing 
video cameras of the highest quality. 


SIERRA SCIENTIFIC 


1173 Borregas Avenue, Sunnyvale, CA 94089 
Telephone: (408) 745-1500 Telex: 172028 SIERRA SUVL 
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RS-232 TO IEEE-488 CONTROLLER 
WITH TRANSPARENT OPERATION 


Control hundreds of data acquisition, control, and test 

equipment systems from any RS-232 type device. 

Model RG4 allows control of one IEEE-488 device 
which mustbe set to device4 $495.00 

Model RGA allows control up to 15 individually ad- 
dressed |IEEE-488 devices from one 
RS-232 port $695.00 


Connecticut microComputer, Inc. 
PO Box 186 
Brookfield, CT 06804 
TEL: 1-800-4-CMC-USA TWX: 710456 0052 
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A complete line of solid state pressure transducers 
transmitters. PC Board-mountable or fully packaged. 
gasesandcorrosiveliquids.Lowcost, reliable iCSens: 
manufacturer of standard and custom pressure trans 
e 0-5 to 0-5000 PSI 
© Gage, Absolute, Differential 
© 3x Overpressure 
@ Temperature Compensated 
© Piezoresistive 
© 316 Stainless Steel 

Diaphragm 
© Sensors: 100mV & 200mV 
© Transducers: 1-6V 
e Transmitters: 4-20mA 


| @ Applications: 
— Medical Instrumentation 
— Liquid Levels 
- Air Conditioning 
— Robotics — 
_— Hydraulics — 


430 Persian Drive, Sunnyvale, 


2==SENSORS CA 94086 (408) 745-1814 
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GO WITH THE BEST... 
LOW COST 8-BIT 
SUPPORT SYSTEM FROM TEK. 
TekMate provides many standard 
features that you might not expect of 
a low-cost 8-bit support system. For 
less than $10,000 TekMate delivers 
real time transparent emulation 
allowing you to analyze microproces- 
sor activity without stopping the pro- 
totype. Call 1-800-342-5548 or write: 
Tektronix, SDP Division, P.O. Box 

14752, Portland, Oregon 97214. 
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MULTIBUS FAILURE 
DETECTION/RECOVERY 
Automatically resets a Multibus system after 
detecting a system failure from such causes as 
RFI, EMI, power surge, power brownout, software 

failure, etc. Also includes: 


e Alarm output for non-recoverable failures 


e Real-time interrupt at 6 user-selectable 
intervals 


e 24 user-definable LED’s and switches 


MORROW TECHNOLOGIES CORPORATION 
3026 Owen Drive, Antioch, TN 37013 
615-793-3555 
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LED MATRIX 


128X276 PIXEL 46 COLUAN X 16 LINES 


Sp Sa 
“G, li 
[L § 


As low as $30 per set in large quantity 


* Toshiba & Hitachi alpha/graphic display panels 
* 80.0 x 160.0 mm viewing area 


* High contrast reflective - variable viewing angles 
* OKIdata refresh driver board populated with: 
14 - MSM5839GS 
2 - M5238GS 
1 - C324G 


Computer Parts Mart 
3200 Park Blvd. Palo Alto, CA 94306 
415-493-5930 





CIRCLE NO 161 


EDN February 6, 1986 201 


eee eee SS SSS SSS SSS SS SSS SSE 





CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 

fly, and 

much 


CY512 

compatible, 

40 pin, +5 volt 

TTL, 8 bit I/O interface a 

to ucomputer. $195 ea ($80/100) e 
Prototyping board available. 


Ww 
Cybernetic MicroSystems ° 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 


CIRCLE NO 162 





Aainnnainniinnnassnnnsnesiaitennio eno RRA ANNAN ARANS SASSI ROA RA ANNO ORNAARARNNORNRNNI 





ENGINEERING SIMULATION SOFTWARE 


Micro-CSMP simulates systems including: ¢ Con- 
trol and Servo systems ¢ Robotics * High Order 
Filters ¢ Chemical Processes ¢ Stress & Strain. A full 
implementation of IBM’s S/360 CSMP, Micro-CSMP 
produces graphical results in minutes, typically re- 
quiring 10-20 lines of input. LSAP analyzes linear 
systems producing Bode, Nyquist, and Transient 
Response plots, and Root-Locus diagrams. Micro- 
CSMP is $850, LSAP is $465 for PC-DOS or MS- 
DOS systems. California Scientific Software, 
25642 Hazelnut, El Toro, CA 92630 (714)581-7654. 
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ITT Cross-Flow 
_ Blowers are 


























Less air turoulence means less 
noise, fewer hot spots, and — in 
many cases — fewer cubic feet of air 
needed to do a given cooling job. 

ITT Cross-Flow Blowers are lower 
in profile, too, measuring only 2.3 
inches or 60 mm high. Blowers 
deliver 20 to 600 cfm. 


ITT Schadow Inc., a subsidiary of ITT Corpora- 

tion, 8081 Wallace Road, Eden Prairie, MN 55344. 
(612) 934-4400. 

For an ITT Schadow Catalog, Circle No. 105 


For Sales Engineer Cali/Samples, Circle No. 106 
























COMPATIBLE COMPUTER 






When you buy one of the following products 
at very affordable introductory prices. 








UNIVERSAL PROGRAMMER $1,595 
Programs EPROMS & PAL expandable 
to BI-POLAR and single chip micro 







LOGIC ANALYZER $1,795 
50 MHZ, 8 channel expandable to 32 channel 


GANG PROGRAMMER $1,295 
Programs 8 EPROMS with same data or 
different data. 


PROTOCOL ANALYZER $1,595 
Monitor and Simulator. 
ABOVE PRODUCTS AVAILABLE WITHOUT PC. 


Advanced Microcomputer 
Systems, Inc. 


2780 S.W. 14th St. 
Pompano Bch., FL 33069 
1-800-9PC-FREE = 
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NEW FOR SURFACE-MOUNT 
PC BOARDS 


Rogers off-board SURF/BUS bars carry up 
to 2.5 amps, save board space, let you use 
2-layer boards by running signal traces 
under bus bars to interconnect components. 
Get capacitance, low impedance, reduced 
inductance, use less decoupling capacitors. 
SURF/BUS bars mount on solder pads, 
connect component power and ground 
leads. Rogers Corp., 5750 E. McKellips 
Rd., Mesa, AZ 85205, 602/830-3370. 
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68000 Computer 


Single board computers based on the 
Motorola 68000 series of micro- 
processors with up to 1M RAM, 32K 
ROM, 4 serial RS-232 ports and 2 
paraliel ports (expandable to 22 ports 
total), programmable timer module, 
floppy drive controller, and SASI 
(SCSI) interface for Winchester ad- 
dition. All computers include real 
time multi-user/multi-tasking “Unix™ 
like” OS9 operating system, BASIC 
09 with run time package,: spread 
sheet, screen editor, mail and spelling 
programs. 


Prices start at $995.00 


Write or phone 
AAA Chicago Computer Center 
120 Chestnut Lane — Wheeling, IL 60090 
(312) 459-0450 


Unix is a trademark of Bell Telephone Labs. 
O59 and BASIC 09 are trademarks of Microware Systems Corp. 
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__macro-assembiers, FORTRAN, 16K BASIC 
_ FIRMWARE: Fantom monitor/debugger, math library, 
AK BASIC. 


CROSS-SOFTWARE: Assemblers, PL/W Compilers, 
Linker, Simulators 


Wintek: Corp: 
3 Lofayette: IN° 47904 
fi 347-742-8426 


800-742-6809 
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THE LITTLE BIG BOARD 


EXPANSION 
BUS 





The most productive development environment imaginable 

on a single board computer. 

e Uses the highly integrated © Runs MS-DOS, PC-DOS, 
80188 with internal 8 MHz and CP/M-86 


clock e EPROM programmer 
e High level languages onboard 
Basic or Forthin ROM ¢ Disk controller, WD1770 
¢ Printer and modem ports e Low power, < 1 Amp, 
e CRT terminal port up to 5VDC only 
19.2 K baud ¢ Battery backed time of day 
¢ 64 K to 128 K of battery e Board dimensions: 
backed sRAM available 8” x 8” 


e $299-450 ea ($199/1000) e Supports 8 interrupts 


Vesta Technology, Inc., 7100 W. 44th. Ave. Suite 101, 
Wheatridge, CO 80033 (303) 422-8088. 
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High Resolution CAD 
on IBM PC 


e 1024x768 or 640x400 
Color Graphics 

e Graphics Editor Electronic Design 

e PCB & IC Design 

e Schematic Capture 

e Interfaces to SPICE, SCICARDS, 
GDS I, Gerber 

e 9-State Logic Simulator for PC 
and VAX 


Chancellor 
Computer 
Corporation 
1101 San Antonio Road 
Mountain View, CA 94043 
800/222-2660 
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Word-processing software, not a CAE package, 
is an engineer’s most valued assistant 


Deborah Asbrand, Staff Editor 


A study of how engineers at one 
electronics company put personal 
computers and software programs 
to use found that, although engi- 
neers were using computer-aided 
engineering programs for schematic 
capture, logic simulation, circuit- 
timing analysis, and functional and 
behavioral simulation, the pro- 
grams they used most often were 
word processing and text editing. 

As part of an effort to better 
assess engineers’ computer needs, 
Texas Instruments launched a sur- 
vey in 1983, asking its engineers 
how they spent their time, which 
tasks they most often performed on 
computers, and what kind of work- 
station and software packages they 
would find useful in their work. Top- 
ping the list of useful software pro- 
grams—ahead of advanced engi- 
neering tasks such as schematic 
capture and logic simulation—was 
word processing. 

A second survey, conducted in 
1984, also asked engineers to rank 
software packages according to how 
useful they found them in their 
work. Word-processing and text-ed- 
iting packages were ranked most 
useful by the largest number of re- 
spondents: 24%. Schematic-capture 
packages were listed as most impor- 
tant by 11.1% of the respondents; 
spreadsheets, by 7.2%; logic simula- 
tion, by 7%; foil generation, by 
5.2%; and circuit-timing analysis, by 
5%. Other functions rated impor- 
tant by fewer than 5% of the respon- 
dents were project scheduling, func- 
tional and behavioral simulation, 
timing verification, and test genera- 
tion. 

Three hundred engineers at the 
company’s Houston, Austin, and 
Temple, TX, facilities participated 
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in the two surveys. Forty-four per- 
cent of the participants were elec- 
trical engineers, most of whom 
worked in digital, analog, and sys- 
tem design. The bulk of the other 
participants were mechanical engi- 
neers, IC designers, software engi- 
neers, and project managers. 
Engineers’ perceptions of how 
computers could assist them in their 
work changed in the year that 
elapsed between the first and sec- 
ond surveys. Spreadsheets, for ex- 
ample, rose to among the top five 
packages in the second study, after 
ranking seventh just one year earli- 
er. Similarly, a higher percentage of 
engineers rated schematic-capture 





programs important as compared 
with respondents in the first 
survey. na 

The surveys were actually part of 
a larger effort by TI’s Data Systems 
Group to develop a strategy for 
making CAE techniques, then used 
by a few individuals, available to the 
group’s entire engineering staff. 
Dick Shaw, manager for engineer- 
ing services at Texas Instruments’ 
Austin, TX, facility and project 
manager for the study, says that “a 
patchwork of stand-alone develop- 
ments” was occurring throughout 
the division. One of the project’s 
goals was “to bridge these islands of 
automation,” according to the sur- 
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THE FIRST NAME IN 
MAGNETIC MATERIALS 
THE [AST WORD 

IN SERVICE 


Basically, PERMAG’S got the largest, 
most comprehensive inventory of 
magnetic materials anywhere in the 
world. And a support staff of salesmen 
and customer service representatives 
going into the field and taking orders all 
across the U.S.A. But if we stopped at 
the basics we never would've become 
the best known name in magnetic 
materials. Our salesmen arent just 
friendly faces: they’re resources, fully trained 

in a rigorous program at our on-going training 
facility in Chicago. And our customer service 
representatives aren't just telephone 
voices: they're experienced consultants 
whove helped many customers resolve 
tough fabrication and application 
problems. At PERMAG, we make sure 
youre not just supplied, but satisfied. 






















For one of our new catalogs or to see a salesman, mail the coupon. 
For faster assistance call toll free 


1-800- 


PERMAG CORP. $400 Karin Lane Hicksville. NY 11801 


L] Have salesman call [_] Please send me your latest Catalog 


NAME 
COMPANY 
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CITY 
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vey report, and integrate the use 
of CAE. 

Before the survey was conducted, 
groups of engineers met first to 
identify ways in which they could 
improve their performance and then 
to determine how CAE programs 
might help engineers meet those 
performance goals. The groups 
identified three top areas for poten- 
tial improvement: cutting product 
development time, improving prod- 
uct quality, and enhancing their own 
productivity. 

Shaw says that the results of the 
surveys at first surprised him and 
his colleagues. “But as we checked 
other surveys, they began to make 
more sense,” he recalls. Engineers’ 
tasks involve writing hardware 
specifications, memos, and reports, 
Shaw says—all functions that word 
processing facilitates. 

The survey results prove to Shaw 
that the personal computer is an 
adequate tool for many engineering 
applications. “You don’t need a big 
computer to do word processing, foil 
generation, and schematic capture,” 
he says. A personal computer can 
handle most of the applications that 
the engineers listed as most impor- 
tant to them in their work, Shaw 
claims. As a result, rather than pur- 
chase high-end computers, the com- 
pany makes its personal computer 
available to engineers. Almost all of 
the engineers at Texas Instruments 
are now using personal computers, 
according to Shaw. 

An evaluation process of engi- 
neering tools, begun during the 
study project, has continued at the 
three TI facilities. After the proj- 
ect’s final report was completed last 
June, approximately 30 participat- 
ing engineers split up into smaller 
teams to continue evaluating some 
of the hardware and software they 
use. fo 








Section Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 
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Cost-Effective, 
Boartl-Level 
Solution 


To 
system 
Integration 











Get your dedicated system to 
market months sooner with the PC 
Bus. Full board-level implementa- 
tion by I-Bus lets you plug together 
system components from hundreds 
of PC Bus board manufacturers, and 
directly execute software developed 
on and for the IBM® PC. 

I-Bus has board-level CPU’s with 
8088 or 80188 processors, full disk 
or diskless operation and up to 160K 
of EPROM, 256K of RAM on board. 
We have the most complete line of 
system packaging for the PC Bus, too. 

Start cutting your schedule 
today—give us a call today at 
(800) 382-4229. In California, call 
(619) 569-0646. aS 








S7’STEMS 


9235 Chesapeake Drive 
San Diego, CA 92123 
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Date Deadline Editorial Emphasis 
Mailing: 3/25 
Mar. 20 Feb.21 ‘Test & Measurement; Analog ICs; Computer Peripherals; Support Chip 
Directory 
Apr. 3 Mar. 7 Communications Special Issue; Communications ICs: CAE; Buses; April Fools 
Supplement : 
Closing: 4/10 
Mailing: 4/22 
Apr. 17 Mar. 21 Power Supplies; Development Software; Memory Technology; Computer 
A Graphics Devices (CAE-related*); Electro "86 Product Preview 
May ] Apr. 4 Electro ’86 Show Issue; Sensors/ Transducers; ICs; Test & Measurement: Dis- 
Bee ecynOncey Closing: 5/8 
Mailing: 5/20 
May 15. Apr. 18 Programmable Logic Devices; CAE; Communications Components; 
Optoelectronics 
May 29 May 2 Analog Technology Special Issue; Data Converters; Analog ICs 
June 12 May 16 Digital Technology Special Issue; Personal Computer Boards; Development Sys- Closine: 6/19 
tems (CAE-related*); Computer ICs; NCC Show Preview Making Nas 





Call today for information. 


East Coast Jennifer Purinton (212) 576-8049 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (212) 576-8048 














Forget Everything You Dislike About Here’s A Representative Sample of 
A Job Search... Current Position Requirements. 






Software Engineers to $45,000 






You've thought about changing jobs, you are concerned about 3-5 yrs experience Unix “C”, Aegis 
getting your resume to the best companies, and the right Communications Applications, 
people. Graphics, CAD/CAM 






You’ve probably answered more than your share of newspaper Documentation Manager to $33,000 
5 plus yrs experience 


ads, made endless phone calls and mailed countless resumes. Technical Writing /Documentation 









You want to avoid high pressure employment agency tactics Senior Software Engineers to $44,000 
and you're worried about confidentiality. 3 plus yrs experience VAX/VMS Assembly, 
y ty MACROII, EDL 

‘i Process Control, Communications, Telecommunications 
SoftView has changed all that... ; 
Senior Software Engineers to $45,000 
‘ " : j 6-10 : PC’s, IBM Mainfr 
ee the a Hane for career minded Software MAINFRAME MICRO cRTES jute 
ngineering Professionals to get the truest picture of the local Technical Specialist to $33,000 








and national Software job markets. 3 plus yrs experience 

SoftView gives you access to over 50,000 professional . ay it gn or dha DES Gals 
Software job openings confidentially without obligation. The Cabal Eorrai: Pascal 

beauty of SoftView is that it works. 






Principal Software Specialist 

Register with SoftView. When a position that best suits your = vs ee mn vi st ee 
. e ° rs ommunications, internals, AssembDier 

background and Ox e TEM’ 1S ore in your area, or an area Plan, install, design central timesharing facilities 

which you are interested in we will tell you all about it. 







Similar positions are available in New England, 
If you are interested in the particular position and company we New York, Pennsylvania, Texas, Illinois, Georgia, 
will arrange an introduction and subsequent interview for you. California, Florida and Washington D.C. 
It’s all up to you from there. Its all done professionally without To register for SoftView send your resume To: 
pressure and with the utmost in confidentiality. 

Mr. Dave Callahan 


a 270 Littleton Rd 17 
SS Westford, MA 01886 
or call 
UY , (617) 692-1920 
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Reaching 
Further 








Into The Future. 





The device shown is a lens used in a 
narrow beam millimeter-wave antenna. 
The grooves shown on the surface of the 
lens are called “matching grooves’. These 
allow electromagnetic energy to pass 
through the lens without reflecting from 
the lens surface. This particular lens design 
was done for an antenna intended for use 
on a communications satellite. 


Other opportunities at Lincoln Laboratory 
are available in Computer Technology. 
Solid State, Radar Measurements, Surveil- 
lance and Control, Optics, Mechanical 
Engineering, and Aerospace. In all areas, 
there are opportunities for MS and Ph.D. 
level candidates to pursue theoretical 
study, laboratory investigation, and field 
tests and demonstrations. 


In historic Lexington, Massachusetts, 
Lincoln Laboratory is within easy reach of 
New England’s most beautiful beaches 
and mountains, offering year-round rec- 
reational pleasure. Our convenient location 
less than 15 miles from Boston provides 
access fo cultural, educational and athletic 
events, from the elegance ofthe symphony 
to the excitement of Celtics’ basketball. 


Lincoin Laboratory is a federally funded 
research center operated by the 
Massachusetts Institute of Technology 
and offers competitive salaries and 
comprehensive benefits. Interested 
candidates are invited to send resumes, 
specifying area of interest, to: Susan B. 
Colcock, Boxés, MIT Lincoin Laboratory, 
Lexington, MA 02173. 


An Equal Opportunity Employer. 
U.S. Citizenship Required. 
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Engineering 


Innovation 
At Work 


We’re Allied/Bendix Aerospace, Electrodynamics 
Division, a leader in the development and manufac- 
ture of advanced power controls and elec- 
tromechanical equipment. We’re putting innovation 
to work on one-of-a-kind projects for commercial and 
military aerospace and marine markets. Join our team 
of innovators in one of the following opportunities: 


Test Equipment 
Design Engineer 


Responsible for the planning and development of pro- 
cesses, methods, tooling, and hydraulic equipment 
for testing operations of components. Requires a min- 
imum of 5 years test design or related experience. 
BSME or equivalent preferred. 


Senior Project 

Design Engineer 

Requires a minimum of 5-10 years experience in pow- 
ered flight control servoactuation and hydraulic sys- 
tem actuators/valves. BSME or equivalent. 


Senior Manufacturing 
Engineer 

Responsible for developing manufacturing and tool- 
ing plans. Will determine machinery, tooling and man- 
ufacturing methods and techniques. Requires 5 years 
related manufacturing experience and a BSME. 


Electronics Engineer 


Responsible for designing microprocessor-based 
hardware and applications software for aircraft con- 
trol systems. Requires a minimum of 2-4 years related 
experience and a BSEE or equivalent. 


Senior Electronics Engineer 


Responsible for assisting in the design and support 
of aircraft anti-skid control units. Requires a minimum 
of 2-4 years related experience and a BSEE or 
equivalent. 


Electronics Analog Engineer 


Responsible for circuit design of analog circuitry for 
control of marine hydraulics. Requires a minimum of 
2-4 years related experience and a BSEE or 
equivalent. 


Senior Electronic 
Project Engineer 
Responsible for system and circuit design of elec- 
tronic aircraft control systems. Requires a minimum 


of 2-4 years related experience and a BSEE or 
equivalent. 


As an Allied/ Bendix team member, you will receive 
an outstanding benefits and compensation package 
that includes annual stock option, company paid 
retirement, stock savings plan with tax deferred 
features, liberal paid vacation and holiday policy, re- 
location assistance and more. 


Interested candidates please forward your resume 
including salary history and requirements to: Depart- 
ment 1EDN, Allied/Bendix Aerospace, Elec- 
trodynamics Division, 11600 Sherman Way, North 
Hollywood, CA 91605. 


An Equal Opportunity Employer 
U.S. Citizenship Required. 


AANLLIED B2"0.. 





















Engineering 
Opportunities 
San Diego Area 


Cipher, the leading supplier of removabié storage 
hardware in the computer industry, offers the best of 
both worlds .. . excellent engineering development 
programs with a well-established leader and 
America’s finest city, San Diego, Currently, we are 
seeking a number of unique engineering 
professionals. 


Read/Write 
Tape Head Engineer 


Read/Write Circuit 
Design Engineers 





Quality Tape Head Engineer 
Servo Engineers 
Microcoders 

Principal LSI Designer 

Test Engineering Manager 


Cipher offers a competitive salary and benefits 
package including a stock purchase and profit 
sharing savings plan. For consideration, please send 
your resume and salary history to Duane Trimbly, 
Professional Staffing, Cipher Data Products, 
inc., P.O. Box 85170, San Diego, CA 92138. 


CUPher 


EOE M/F/H/V. 


Ll od & Ma 11] 


i re ee 


WE PUT THE BEST IDEAS 
INTO STORAGE. 








ENGINEERING 
(HW/SW) 


Top Producer in the largest personnel network system 
currently has openings for ALL Engineering and com- 
puter professionals. Over 200 offices through the U.S. 
and Canada. All fees, interview and relocation expenses 
are borne by our client companies. Please call or submit 
your resume to: 


RIKER PERSONNEL 
8790 Purdue Road, Suite E 
Indianapolis, IN 46268 
(317) 875-9911 






















EDN February 6, 1986 





‘‘Whatever your field may be, 
your progress will depend upon 
your individual imagination. 

I urge you to give it free rein.’”’ 


—Arthur Collins, founder of Collins Radio Co. 


COLLINS AVIONICS TECHNOLOGY 
WILL INSPIRE YOU AT ROCKWELL INTERNATIONAL 


Admiral Byrd communicated through technology is the history of Rockwell If your success speaks as clearly for you 
Collins equipment during his historic International’s Collins Avionics Divisions. as ours does for us, contact: John 
second South Pole expedition. And Today, we’re working on more exciting Gorman (EDN2/6), Collins Avionics 
Collins transmitters heralded the news advances: full-scale development of the Divisions, Rockwell International, 400 


of V-J Day. When the Eagle landed and user equipment for the NAVSTAR Global Collins Road NE, M/S 105-180, Cedar 
when the Space Shuttle took off, Collins Positioning System, electronic flight dis- Rapids, IA 52498. Phone toll-free 
equipment was also there. plays, advanced digital flight control, 1-800-835-9355. Equal Opportunity 
Thanks to the inspiration of Arthur Collins, communication/navigation systems, the Employer M/F. U.S. Citizenship Required. 


the history of communications and avionics sophisticated Joint Tactical Information 


Distribution System (JTIDS), and a wide 


range of innovative avionics. 
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Rockwell International 


_.. where science gets down to business 








Ni Databank 





Professional Profile 
Announcing a new placement service for professional engineers! 


To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers you're will periodically be reviewed with you by 
What is the Databank? It is a computerized qualified. a PSL professional placement person. 
system of matching qualified candidates with e Service is nationwide. You'll be We hope you're happy in your current posi- 
positions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
needs and desires. What are the advantages of by PSL and it's affiliated offices. ideal job you'd prefer if you knew about it 


this new service? e Your identity is protected. Your resume That's why it makes sense for you to register 
e It's absolutely free. There are no fees or is carefully screened to be sure it will not with the EDN Databank. To do so, just mail the 
charges. be sent to your company or parent completed form below, along with a copy of 
organization. your resume, to: Placement Services, Ltd., Inc. 


IDENTITY PRESENT OR MOST RECENT EMPLOYER 


z= 


ame = Parent Company 

PROUTNO: PRN at eevision or subsidiary: 
ity State: Zip: Location (City, State) 
Home Phone (include areacode): === CCCCCCCCCCC*é@sSin'@'S'S PhhO”|NGVpf .K.. to USC: 


EDUCATION Major Field 
ao 
ere 


POSITION DESIRED 


O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O ce es 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 


.@) 








Year Degree College or University 
Earned 








Duties and Accomplishments: Industry of Current Employer: 

















Reason for Change: 





PREVIOUS POSITION: 


RIMROCK: ee ee o|: Ce Me Duar et Sica iggaie Rial See Maciek Weekes 
BOL cc ea Ss ita Te Ee a ee Salary: 








Duties and Accomplishments: 


Date Available | Will Travel 


CJ lown my home. How long? ____ 
C) Light CL) Moderate CO) Heavy 4 ed Leoni iy poeerent- 


C) Employed C) Self-Employed (C) Unemployed C) Married O) Single Height____ Weight 


f a My identity may be released to: 1] Any employer 
Level of Security Clearance OC) U.S. Citizen | 0 Non-U.S. Citizen C Allbut present emo! 


LJ WILL RELOCATE LJ WILL NOT RELOCATE LC] OTHER 








EIDN Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
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ARE YOU LOOKING FOR 
THE RIGHT PEOPLE IN 
ALL THE WRONG PLACES? 


Over the years, we've earned a reputation for developing 
successful job fairs. And now, wed like to share our 
expertise with you. 

“How To Get The Most Out Of A Job Fair” will help 
you maximize your recruitment efforts, including tips on 
how to be in the right place at the right time. . . for the 
right applicants. You'll also find information for develop- 
ing an effective recruitment strategy for an event and 
evaluating the results. And, it’s free. 


To order, call (408) 970-8800. Or write to Westech 
ExpoCorp., 4701 Patrick Henry Dr., #1901, Santa Clara, 
































CA 95054. 
Engineers and software/computer professionals 
look to Westech for career opportunities. 
SAN JOSE: January 20 & 21 PHOENIX: June 30 & July 1 
LOS ANGELES: February 10 & 11 SAN JOSE: July 14 & 15 
COSTA MESA: February 10 & II DALLAS: July 28 & 29 
DALLAS: February 24 & 25 LOS ANGELES: August 11 & 12 
DENVER: March 10 & 11 COSTA MESA: August 11 & 12 
SAN JOSE: March 24 & 25 DENVER: August 25 & 26 
LOS ANGELES: April 7 & 8 SAN JOSE: September 8 & 9 
COSTA MESA: April7 & 8 SEATTLE: September 29, 30 
SEATTLE: April 28 & 29 LOS ANGELES: October 6 & 7 
SAN DIEGO: May 5 & 6 COSTA MESA: October 6 & 7 
SAN JOSE: May 20 & 21 PHOENIX: October 27, 28 
LOS ANGELES: June 2 & 3 SAN DIEGO: November 3 & 4 
COSTA MESA: June 2 & 3 SAN JOSE: November 17 & 18 
CAREER EXPO 





QUALITY ATTRACTS QUALITY 
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LOOKING AHEAD 





1990 connector market 
to top $7.5 billion 


Though final figures for the 1985 
connector and IC-socket market are 
expected to show a decrease in pro- 
duction value of 1.4% compared 
with the 1984 value, production of 
the devices (measured in terms of 
their dollar worth) will grow at an 
average annual rate of 11.4% 
throughout the remainder of the 
decade, according to the market- 
research company Gnostic Concepts 
Inc (San Mateo, CA). The produc- 
tion value of connectors and IC 
sockets was $3.9 billion in 1984; the 
figure in 1990 should be more than 
$7.5 billion. 

Gnostic Concepts attributes the 
1985 decline to inventory surplus 
accumulated in 1984 and depleted 
throughout the following year. 
Growth in production should reach a 
high point in 1988 (19.9%) and a low 
point in 1989 (2.4%). The latter 
growth figure assumes a general 
economic recession for 1989, as pre- 
dicted by Data Resources Inc (Lex- 
ington, MA). 

In keeping with the high growth 
potential of fiber-optic systems, 
Gnostic Concepts predicts that fi- 
ber-optic connectors will be the fast- 
est growing sector of the connector 
market. In 1984, 17.5% of the fiber- 


AVERAGE ANNUAL 


GROWTH IN US 
CONNECTOR AND 


IC-SOCKET MARKET 


CONNECTOR TYPE 


PRINTED WIRING 12.4 
PLANAR CABLE 12.2 
RECTANGULAR 6.9 
CYLINDRICAL 11.4 
COAXIAL 10.9 
_ FIBER OPTIC 32.5 
IC SOCKET 13.0 
SPECIALTY 10.5 


(SOURCE: GNOSTIC CONCEPTS INC) 





EDN February 6, 1986 


PERCENT GROWTH 
1984 TO 1990 


EDITED BY GEORGE STUBBS 


optic connectors produced were 
dedicated to in-house use, particu- 
larly by providers of voice/data 
equipment and services. By 1990, 
the percentage of “captive” produc- 
tion should fall to 10.5%, as stan- 
dards develop and volume produc- 
tion drives prices down. 


Market for 32-bit Ps 
may reach $1B by 1990 


The extent of their eventual impact 
remains uncertain in detail, but 
there is no question that 32-bit wPs 
will attract the attention of many 
component manufacturers and sys- 
tems suppliers over the next few 
years. Electronic Trend Publica- 
tions (ETP), a Cupertino, CA, pub- 
lisher of reports on the electronic 
industry, believes the market for 
32-bit wPs will certainly reach $334 
million and may be as high as $1 
billion by 1990. This range repre- 
sents 13 to 39% of the total $2.57 
billion wP market. 

One measure of the devices’ im- 
pact is the reclassification of tradi- 
tional computer categories. The 
32-bit wP is the great equalizer, 
effectively ee the distinc- 











tions (which were beginning to blur 
anyway) between mainframes, mini- 
computers, and microcomputers, 
and bringing manufacturers of all 
types of computers into direct com- 
petition. The capabilities of even a 
modest desktop microcomputer 
based on a 32-bit »P should chal- 
lenge the energy and imagination 
of the typical user. _ 

According to ETP, the success of 
component manufacturers in the 
82-bit market will depend on their 
ability to produce the more complex 
devices on schedule, on their ability 
to supplement the devices with sup- 
port and peripheral chips, on the 
successful implementation of Unix 
System V and later versions, and on 
their ability to garner third-party 
support for essential system soft- 
ware. 

ETP believes that, for systems 
suppliers, the question is not wheth- 
er to develop a 32-bit pP-based 
product line, but rather which pro- 
cessor to choose. Choosing the right 
processor family is essentially a 
wager on a variety of factors such as 
compatibility with 16-bit pPs, co- 
processor support, ease of design, 
and market trends. 





MARKET FOR 8-, 16-, AND 32-BIT Ps 
1985—$0.7 BILLION = 


1990—$2.98 BILLION 


ape BIT. 


23% OPTIMISTIC 
GROWTH FOR 32 BIT 





_ (SOURCE: ELECTRONIC TREND PUBLICATIONS) |. 
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Making the Connection Between... 


PACKAGING 
PRODUCTIVITY 





From through-hole technology 
to surface-mount technology, 
Molex makes the connection. 
Molex is working to help 
today’s manufacturers develop SMT 
products that utilize less space and 
assemble with greater efficiency. 
Components such as our SIMM sockets 
are currently helping major manufacturers 
utilize innovative SIP technology to 
achieve denser circuit board packaging 






Upgrada. 












and increased RAM capacity. And, SIMM sockets 

systems such as our automated robotic aud ee ile and 
PCB assembly equipment are speeding right angle versions in single 
production time and reducing labor costs. and dual row configurations. 


We take a systems approach to help make 
your bottom line more productive. 

Molex goes beyond quality SMT products to bring 
you problem-solving 
systems for greater 
productivity. Molex 
helps you put new 
technology to work in 

a real world manufacturing 

Molex SIMM socket (right) takes up dramatically Situations. From design 





manufacturing and delivery, you can depend on Molex for As part of our intensive quality 
: : ee assurance efforts, CAD technology 

interconnection technology that gives you a competitive edge. is used in product development 

° ° ° to identi ible stress points. 

Connecting technologies worldwide. Shc ices 


Our multi-national organization offers you interconnection 
design, manufacturing, and technology from around the globe, 
with dependable supply and local service. 


Call or write today for our new 16-page | ae 
SIMM Technology Handbook. ® 


Bret: Worldwide mM O i ex 


SIMM™ is a registered trademark of the Wang Corporation. 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 * European Headquarters: Aldershot, England, (0252) 318221 
Northern Asia Headquarters: Tokyo, Japan, 03-478-8777 « Southeast Asia Headquarters: Jurong Town, Singapore, 65-261-9733 
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ind modems: _ 
our cost effective 
easons to 





Commitment: more 
Ea than a promise, it’s 

our reputation. 

Supplying an edge in price/perfor- 

mance begins and ends with com- 

mitment. UDS is committed to the 

manutacture of modems—and only 


modems. We're also committed to 
the needs of OEMs, who buy over 


Concentration: 
maa spend your time ot wig 
nd money on what you [ip ee 


u excel at what you do; we excel at 
signing and producing modems. 
vote yourself to developing and 
arketing your products more effec- 


ely, and get the modems you need 
om us. We have invested heavily 50% of the modems we make. We 


automated production equipment, have built a position as an industry 

st instrumentation and a large leader by honoring commitments— 

chnical staff so you won't have to. commitments to your quality demands, commitments to 
your deadlines, commitments to your demand for value. 





| _TaEE oS 





Reliability: because nothing costs 
like something that doesn’t work. 
oce you receive an OEM modem from UDS, install it, 


Get us in your corner. 


Contact us, and we'll help you corner your share of 
datacomm market. Let’s talk specs and prices! 





ip it and forget it. Our quality assurance procedure ; 

nges from incoming chip burn-in to 100% testing of all Be nee ee ee ma 00: 
odems prior to shipment. This attention to quality assur- Telex: 75 9602 UDS HTV a 
ice has put our historical reliability rate near the 99th ; 

rcentile. 


Experience: we have already solved 





most of your problems. 
ver the past 15 years, we have designed, produced and Universal Data systems 
‘livered more than 1,500,000 modems in over 3,000 Ad) MOTOROLA INC. 


{ferent configurations. We have proved our capability to Information Systems Group 


Ifill nearly any form, fit and function requirement from 
300 to 14,400 bps. 





UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Atlanta, GA, 404/998-2715 « Aurora, CO, 303/368-9000 « Blue Bell, PA, 215/643-2336 * Boston, MA, 617/875-8868 * Columbus, OH, 614/895-3025 « East Brunswick, Nu, 
201/238-1515 ¢ Glenview, IL, 312/998-8180 * Houston, TX, 713/988-5506 * Huntsville, AL, 205/837-8100 « Issaquah, WA, 206/392-9600 * Mesa, AZ, 602/820-6611 ¢ Milwaukee, WI, 414/273-8743 
Minnetonka, MN, 612/938-9230 * Mountain View, CA, 415/969-3323 « Richardson, TX, 214/680-0002 « St. Louis, MO, 314/434-4919 « Silver Spring, MD, 301/942-8558 « Tampa, FL, 813/684-0615 
Thousand Oaks, CA, 805/496-3777 ¢ Tustin, CA, 714/669-8001 ¢ Uniondale, NY, 516/222-0918 « Willowdale, Ont, Can, 416/495-0008 ¢ Ypsilanti, Ml, 313/483-2682 
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Optimum 
power... 
low profile. 
The winning 
combination. 


Watery Wekran 




































2.5V/A,-0.650" 


A VAsY=selnt decoy cclqvoon Cole r-1aebele mi co)elel-sece) aselere le 
from low profile transformers, no one knows 
the ropes like Signal. So, when the trend 
toward higher power usage on PC boards 
developed, it was no surprise that we were 
ready to enter the ring. With our two latest... 
and largest...Flatheads, the 24 and 48VAs. 
Like our smaller 2.5VA, 6VA and 12VA sizes, 
these larger Flatheads feature a split- _ 
lafelojostetamcledletelorcvotoresdmeeettbertselttelebere; cele 
struction. Their semi-toroidal configuration _ 
results in balanced windings and reduces 
the magnetic field radiation that can put 
sensitive ICs or low-level circuits down for 
del-meore)bbele 
Moreover, the Flathead’s split-bobbin pro- : 
vides non-concentric winding for unpre- > 
Perate (-sat(svoWbetcittletttoseteretomtsre)(onelevemmatcrelelcineles a 8 
That Cav enuiptetettele preted ele cert cotelerMereCoM-Jbbeebbecodaterem 
the need for an electro-static shield. _ 
PNelo lure dtd eCenb(opeln detcws ore c3(emke (cro lepemeyaneet-ae 
and 48VAs isn't new, we've added more rug- = 
fe(creln o)itte cutemm o)tetcgabtcjbetemcregeloecomupicomCons tlotsta | 
rel Cousdet-tre colo betes eles@nyycotepetecmenetomebtacceltn 


Wi lod'atelemndel-xe)pbevet-m 
You'll find Signal Flatheads are the perfect 
decision for an array of critical low-height 
applications in instrumentation and semi- 
conductor control. They come with 115/230V 
niO)(0\0) py Ake tblod Mm evenestorel—-m 

yale R=\1=19'Me) e(- Ke) Melbea-s(otetolescome(— (jie pet- o) (on 
vides dual secondaries to be series connect- 
Feros Coyake tt lodmoroeeho)icseel-velcota mcitle) eet sideme! 
Feresestesloye Me c-vittoetam uetcotll-)(>ve MB ie) ame (olble)(-meibbe: 
Ravel cotstele Mm @)aelb lod Bt=e) (osc Bie) aD Oxe)ragelhit-e 


a’ ,'(-WreCoModl Ma del-W orelauveyy.& 

Our PRONTO service promises to ship your 
prototypes within 48 hours of your order. And 
we make some pretty fast moves to keep that 
promise. : 

So, if you're tired of wrestling with high 
power transformer problems, come to Signal 
for our extended line of Flatheads. Find out 
for yourself why we say they're a knock-out. 
- To get our complete free catalog, contac* 
BSiTe petod Mad bconetss(o)ace\-) a Gcommms belonpmte CUM sleg'a'e(-a) 
Ave., Inwood, NY 11696. (516) 239-5777. 
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